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Basic concepts of bioavailability

RC Li, AHL Chow, MS Yip, K Raymond

Although scientific evaluations for product bicavailability performance have been routinely employed in
most European and North American countries, debate continues on the potential problems of bioavailability
and bioequivalency of pharmaceutical products in Hong Kong. Data obtained from these evaluations not
only confirm the quality of the drug products in the market, but also permit a more rational selection of
pharmaceutical products to achieve cost-effectiveness. It is well known that chemical equivalency may
not necessarily imply bioequivalency due to the interplay of various formulation, pathophysiological and
physicochemical factors. This paper discusses some of the basic concepts and implications of these
evaluations.
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Introduction

For the treatment of diseases requiring the use of non-
injectable pharmacological agents. a drug is likely to
be administered as some formulated dosage rather than
in the form of a pure drug powder. Of the different

profiles arising from formulation, pathophysiological
and physicochemical factors. This paper aims to ex-
plain some of the basic concepts of bioavailability with
particular reference to its application in the pharma-
ceutical industry. The relationship between bioavatla-
bility and bioequivalency is also discussed.

routes of drug administration possible, the oral route
is perhaps the most common and widely accepted.
However, for an orally administered drug, a frequent
problem is the variability in apparent drug absorption
observed between individuals i.e. differences in sys-
temic bioavailability.'~ E

Intact tablet

Bioavailability is a numerical parameter used to A
reflect the degree of drug availability in the systemic
circulation after a certain dose of a pharmacological \{
agent has been administered to a human subject. This
parameter applies to oral formulations and other dos-
age forms, such as rectal suppositories. medicated skin
preparations, sublingual tablets, and aerosols.* Never-
theless, the term bioavailability has been used loosely
in the literature to describe the different plasma drug \ 4
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Fig 1. The various processes that take place between ingestion of a tablet
containing the active ingredient and the absorprion of the ingredient in the
Gl tract. Steps A ond B: disintegration to coarse and fine particles. respec-
tively; Sieps C, D and F: drug dissoluiion with rate C > D > E: Step F:
drug adsorption.
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Bioavailability differences among common
oral formulations

There are various formulation factors which affect
bioavailability. For any oral dosage form in which a
drug is incorporated, the ultimate goal is the release of
the drug into the gastrointestinal (GI) tract for absorp-
tion and subsequent delivery to the target organ via
the bloodstream. If one considers the simple case of a
conventional tablet, tablet disintegration is the first
important step which follows its intake. Once the tab-
let disintegrates, the surface area of the GI tract ex-
posed to drug particles is greatly increased. The disin-
tegration process increases the exposure area of the
tablet mass for subsequent dissolution and release of
its contents to the absorption site. The time for tablet
disintegration directly affects the speed of dissolution
of the active ingredient in the GI tract. The key steps
which occur between oral intake of a tablet and the
ultimate absorption of the drug in the form of a solu-
tion are shown in Fig I. Provided that the dissolved
drug can be freely absorbed by the GI tract, the drug
concentration in the blood and target organ will in-
crease accordingly (e.g. an antiepileptic agent in the
brain). In many cases, the latter is a prerequisite for
the expression of the desired therapeutic drug response.

Depending on the type of formulation, the disinte-
gration and dissolution steps described above can be
improved and sometimes omitted altogether. For in-
stance, the active drug ingredient and the excipient in
a capsule dosage form already exist in the powder form.
Disintegration or splitting of the capsule shell becomes
the limiting factor for the release of its active contents
nto the GI tract. However, capsule splitting in the GI
tract is a relatively rapid process which generally re-
quires less time than does tablet disintegration. The
lack of a high compression force during manufactur-
ing generally favours the capsule dosage forms over
tablets in terms of disintegration. Similarly, for an oral
suspension, the disintegration process becomes obso-
lete. How rapidly the drug dissolves becomes a con-
trolling factor for drug absorption. When a drug is given
in the form of an aqueous solution, both the disinte-
gration and drug dissolution processes are bypassed.
Hence. administration of an aqueous drug solution
should, in theory, yield a more immediate desired drug
response when compared to other oral dosage forms.

Pharmacokinetic parameters defining
bioavailability

As outlined, it is possible to obtain different degrees
of drug absorption when the same drug is formulated
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Fig 2. The absorption plasma concentration profiles of pemobarbital
after the administration of 200 mg of the drug in various dosage forms

into different dosage forms.* The different absorption
profiles of pentobarbital given as either aqueous solu-
tion, suspension, tablet, and tablet containing a more
soluble sodium salt are shown in Fig 2. Closer inspec-
tion of these profiles show that two variables change
significantly among different formulations. The most
obvious are the differences in peak blood drug con-
centration and the time at which the peak is achieved
following oral dosing. These two variables are com-
monly referred to as C,.,and T respectively (Fig
3). Another important variable indicating the degree
of drug absorption is the area under the concentration
versus time curve which is usually abbreviated as AUC.
The AUC is actually the numerical computation of the
geometrical area bounded by the plasma drug concen-
tration curve and the time- or the x-axis (shaded area
in Fig 3).

These three variables in combination can be used
to describe both the rate and extent of drug absorp-
tion. If a drug is being absorbed into the systemic c¢ir-
culation more rapidly, the pharmacokinetic profiles will
show a higher C__ and shorter T .- Although notex-
act, the slope of the ascending phase, (this is the slope
of the line back-extrapolating from C . tothe zero
drug concentration on the x-axis), reflects the rate of
drug absorption. As soon as a drug is absorbed, dis-
tribution of the drug via the blood to various body
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Fig 3. A tpical pharmacokinetic profile following oral drug administra-
tion. The graphical represeniation of the three bioavailability parameters,
C, . T andAUC are shown inthe diagram. The AUC is the area bounded

by the time axis and the plasma concentration cuive.

organs commences immediately. As the circulating
drug comes into contact with elimination organs such
as the kidney and liver, part will either be excreted
unchanged or converted to its metabolite(s) for elimi-
nation. For individuals with similar organ functions
and body weights, how much drug reaches the circu-
lation and how long the drug will stay in the body
should, in part, be a function of the rate and amount of
drug absorbed. Accordingly, when a larger amount of
drug is absorbed, the drug concentration versus time
profile will be elevated upwards, resulting in a pro-
portional increase in the AUC estimate.

A drug entering the systemic circulation after ab-
sorption is commonly eliminated by the kidneys. Be-
cause of this, most investigators conducting
bicavailability studies also collect urine samples over
a rather long period of time in order to recover as much
as possible of the drug being excreted by the kidneys.
Likewise, the higher the bioavailability of a drug prod-
uct, the higher the urinary recovery of a drug will be
and proportional changes of these two variables are
often observed.’ However, due to the impracticality of
prolonged pericds of urine collection, especially for
drugs with a long half life (at least four to five times
the half life of a drug is required for complete urinary
drug recovery) and the frequent technical difficulty in
assaying urinary drug levels, renal excretion data are
not weighted as heavily as are plasma data in
bioavailability studies. The exception is when plasma
drug concentration data are unavailable.* When com-
paring bioavailability data of certain formulations,
C .. T..and AUC are the three parameters that should

Basic concepts of bioavailability
be vigorously defined.
Relative bioavailability

The term bioavailability should be more correctly re-
ferred to as relative bioavailability. It is unrealistic to
expect that products containing the same amount of
active ingredient will show the same bioavailability
relative to one another. This can be seen in Fig 4 which
shows a wide variation in relative bioavailability for
four different commercial chloramphenicol products.’
Traditionally, relative bioavailability has been assessed
by comparing the AUC estimates or the AUC ratio of
the two products under evaluation. When both prod-
ucts contain the same amount of an active ingredient,
the following equation demonstrates the mathemati-
cal relationship between relative bicavailability and
the AUC ratio of the two products:

AUC test product
AUC reference product

Relative bioavailability (F,) =

However, such a comparison is not complete if the
rate of drug absorption has not been considered. Even
when the two products show identical AUC values,
the extent of drug absorption is the only variable that
can be regarded as equivalent between these two prod-
ucts. They cannct be considered as truly bioequivalent
if the rate of drug absorption differs significantly. For
two products which exhibit different release rates due

Chloramphenicol plasma concentration (ug/mil)

Time (hr)

Source: Glazko AJ, et al. Clin Pharmacol Ther 1968.7

Fig 4. Mean plasma concentration versus time profiles for four diffevent
commercial preparations (A-D) of chloramphenicol. Each point is the mean
concentraiion obtained from 10 subjects,
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to differences in disintegration and/or dissolution, the
C..and T values may vary substantially during in
vivo testing. For example, a drug which can be readily
absorbed in the Gi tract, may release its entire drug
content within 30 minutes by one formulation and three
hours by another. This can result in profound differ-
ences between the drug concentration versus time pro-
files for the two formulations. Although the AUC val-
ues of the two products are similar when the same
amount of drug is released and ultimately absorbed.
the C will be much lower and the T much longer
for the latter formulation.

Should expression of drug eftect require the drug
concentrations in the blood or in the target organ to
fall within a certain optimal range, the latter formula-
tion will be totally ineffective (product C in Fig 5).
However, if absorption is too rapid, resulting in the
drug blood/plasma level exceeding the upper limit of
the therapeutic window, the use of such a product may
cause drug toxicity (product A in Fig 5). When com-
pared with a reference product, for any other product
to be regarded as truly bioequivalent, it must show not
only asimilar AUC, butalsoC_ andT _ values. The
plasma concentration versus time profiles generated
from both the test and reference products should es-
sentially be superimposable. For this reason, when as-
sessing the performance of different pharmaceutical
products. it is essential to distinguish the difference
between bioavailability and bioequivalency. Simple
comparisons between the contents of active ingredi-
ents, without assessing pharmacokinetic profiles and

Therapeutic window

______ v

Drug plasma/blood concentration

Time (hr)

Fig 5. An illustration of the impact of bioavailability on the therapeutic
efficacy of a pharmacentical preparation. The therapeutic window is bownd
by the two horizontal dotred lines with the lower and upper lines repre-
sentiig the minimal effective level and toxic level, respectively.
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the degree of pharmacological response. is certainly
inadequate from both a product safety and efficacy
perspective.

Absolute bioavailability

Conclusions drawn in relative terms with any assess-
ment can at times be misleading. In many cases, the
amount of drug released by both the generic and brand
name products can be low but the bioavailability of
one product relative to another can be high. This con-
troversial phenomenon can be readily demonstrated
by comparing two products for which each releases
20% of the dose for absorption. Assuming complete
absorption of the 20% dose released in the GI tract,
the relative bioavailability of these two products is thus
100%. Therefore, relative bioavailability evaluations,
although performed separately for the two products, do
not necessarily present a true picture of drug availabil-
ity. As a result, another definition of bioavailability
absolute bioavailability—is employed to describe the
actual or absolute amount of drug absorbed from a
certain formulation.

Clinical trials on absolute bioavailability are fre-
quently conducted by research-based pharmaceutical
companies during the course of development of a new
drug. Due to the drug and its formulation being new,
this type of assessment is not directed to the compari-
son with a generic product but rather to define the ab-
sorption characteristics of the formulation and its
pharmacokinetic behaviour. To permit estimation of
the amount of drug subsequently available to the body
following absorption. absolute bioavailability assess-
ment must involve the use of an intravenous dose of
the same drug under evaluation. This is because the
intravenous dose is considered to be 100% bioavail-
able. In fact, absolute bioavailability assessment in-
volves comparing the new drug product with an intra-
venous dose of the same drug. The AUC of the new
drug product relative to that of an intravenous dosing
of the drug at the same dose can be calculated by:

AUC test product
AUC intravenous dose

Absolute bioavatlability (F) =

Similarly, the two parameters, C__and T_ . ob-
tained from the pharmacokinetic prohle of the new
product can be used to indicate the rate of drug ab-
sorption from the GI tract after oral dosing. Absolute
bioavailability, as indicated by the AUC ratio of the
above equation, reflects the absolute amount of drug

that is available to the body after dosing. This




bioavailability estimate is a hybrid parameter dictated
by the fraction of dose absorbed by the GI tract and
the fraction of dose that escapes first-pass metabolism
by the liver. Hence, variations in liver function can
affect the bioavailability of drugs which are extensively
metabolised by the liver. Increased bioavailability has
been observed in patients with liver dysfunction for
various drugs, including meperidine, pentazocine, sali-
cylamide, propranolol, and chlormethiazole.®'? In-
creases in bioavailability can be substantial, approach-
ing three-fold for pentazocine and ten-fold for
chlormethiazole.

The need for an intravenous formulation of a new
drug creates problems in absolute bioavailability as-
sessments. Deterrants include the rather high produc-
tion cost, sterility concerns, drug stability in an aque-
ous vehicle, and the inconvenience associated with
intravenous dosing. Therefore, it is not unusual for a
drug company to focus on the development of an oral
formulation without showing much interest in formu-
lating an intravenous preparation. When a drug is una-
vailable in the solution form, an intramuscular injec-
tion of the drug in suspension can be used as the refer-
ence preparation. In many cases, absolute bicavaila-
bility data are obtained from preclinical animal stud-
ies, conducted during the early stages of the new drug
rescarch and development programme. As required by
most regulatory agencies in many countries, collec-
tion of human data on absolute bioavailability of the
new drug product is necessary but may be delayed well
beyond the initial clinical phase. Nevertheless, abso-
lute bioavailability data are a gauge for characterising
the formulation performance of the new drug under
development and may further improve the drug be-
fore it reaches the market.

Conclusion

From the viewpoint of the generic-based pharmaceu-
tical industry, the most important and relevant
bicavailability assessment is relative bioavailability.
This 1s an 1mportant requirement for establishing
bicequivalency of a product when compared with other
brand name products. Research-based ethical drug
companies should conduct studies to define the abso-
lute bioavailability of their new drug products. Stud-
ies of this type not only help to define the absorption
characteristics of a new drug in the formulation in-
tended for marketing. but also elaborate the
pharmacokinetic behaviour of the new drug itself. Al-
though not a primary goal, the pharmacokinetic data
generated from absolute bioavailability assessments
can assist in dose selection. At present, most clinical

Basic concepts of bioavailability

studies are performed in Caucasian populations. There
is absolutely no reason to assume that both the
bioavailability and pharmacokinetic data obtained in
Caucasians can be directly applied to other races.

In addition to pessible ethnic differences in
bioavailability and pharmacokinetic characteristics, it
is not known if therapeutic drug responses also differ
between different races. A good example is pro-
pranolol. Chinese are known to eliminate this B-blocker
more rapidly than do Caucasians, however, they are
also more sensitive to its B-blockade effects.!''? The
United States Food and Drug Administration has been
requesting pharmaceutical companies to provide more
clinical data on different races, when submitting a new
drug application, especially when the new drug is to
be consumed by a significant number of patients from
different races. There has been a move to harmonise
the regulatory requirements for conducting drug stud-
tes between the countries in the European Commu-
nity, Japan and North America.'*'* It details can be
worked out, this will reduce the repetition of similar
studies conducted by the pharmaceutical industry in
different countries. Nevertheless, compliance with this
new policy does not solve the intrinsic problem of ra-
cial differences in drug responses. Additional cost and
resources will necessarily be involved if studies on
different races have to be included in the drug develop-
ment process. It is important to watch for any anoma-
lies in clinical safety and efficacy data so as (o deter-
mine if additional bioavailability and pharmacokinetic
studies are necessary for a particular population.

By performing more clinical studies including ab-
solute bioavailability and pharmacokinetic assessments
in the Hong Kong Chinese population, a more rational
use of drug products in the local patient population
can undoubtedly ensue. Ideally, all drug products—ei-
ther generic or brand name—should at least demonstrate
adequacy in drug bioavailability in the Hong Kong
Chinese population before being eligible for registra-
tion in Hong Kong. Such practice should be considered
a safeguard for proper drug utilisation in Hong Kong.
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