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active moiety locally, e.g., topical
preparations for the skin, eye, and mu-
cous membranes; oral dosage forms not
intended to be absorbed, e.g., an ant-
acid or radiopaque medium; and bron-
chodilators administered by inhalation
if the onset and duration of pharma-
cological activity are defined.

(5) A currently available in vitro test
acceptable to FDA (unusually a dis-
solution rate test) that ensures human
in vivo bioavailability.

(6) Any other approach deemed ade-
quate by FDA to establish bio-
availability or bioequivalence.

(c) FDA may, notwithstanding prior
requirements for establishing bio-
availability or bioequivalence, require
in vivo testing in humans of a product
at any time if the agency has evidence
that the product:

(1) May not produce therapeutic ef-
fects comparable to a pharmaceutical
equivalent or alternative with which it
is intended to be used interchangeably;

(2) May not be bioequivalent to a
pharmaceutical equivalent or alter-
native with which it is intended to be
used interchangeably; or

(3) Has greater than anticipated po-
tential toxicity related to pharmaco-
kinetic or other characteristics.

[57 FR 17999, Apr. 28, 1992; 57 FR 29354, July
1, 1992]

§ 320.25 Guidelines for the conduct of
an in vivo bioavailability study.

(a) Guiding principles. (1) The basic
principle in an in vivo bioavailability
study is that no unnecessary human re-
search should be done.

(2) An in vivo bioavailability study
shall not be conducted in humans if an
appropriate animal model exists and
correlation of results in animals and
humans has been demonstrated. If an
appropriate animal model does not
exist, however, an in vivo bio-
availability study shall ordinarily be
done in normal adults under standard-
ized conditions.

(3) In some situations, an in vivo bio-
availability study in humans may pref-
erably and more properly be done in
suitable patients. Critically ill patients
shall not be included in an in vivo bio-
availability study unless the attending
physician determines that there is a
potential benefit to the patient.

(b) Basic design. The basic design of
an in vivo bioavailability study is de-
termined by the following:

(1) The scientific questions to be an-
swered.

(2) The nature of the reference mate-
rial and the dosage form to be tested.

(3) The availability of analytical
methods.

(4) Benefit-risk considerations in re-
gard to testing in humans.

(c) Comparison to a reference material.
In vivo bioavailability testing of a drug
product shall be in comparison to an
appropriate reference material unless
some other approach is more appro-
priate for valid scientific reasons.

(d) Previously unmarketed active drug
ingredients or therapeutic moieties. (1)
The purpose of an in vivo bio-
availability study involving a drug
product containing an active drug in-
gredient or therapeutic moiety that
has not been approved for marketing is
to determine:

(i) The bioavailability of the formu-
lation proposed for marketing; and

(ii) The essential pharmacokinetic
characteristics of the active drug in-
gredient or therapeutic moiety, such as
the rate of absorption, the extent of ab-
sorption, the half-life of the thera-
peutic moiety in vivo, and the rate of
excretion and/or metabolism. Dose pro-
portionality of the active drug ingredi-
ent or the therapeutic moiety needs to
be established after single-dose admin-
istration and in certain instances after
multiple-dose administration. This
characterization is a necessary part of
the investigation of the drug to sup-
port drug labeling.

(2) The reference material in such a
bioavailability study should be a solu-
tion or suspension containing the same
quantity of the active drug ingredient
or therapeutic moiety as the formula-
tion proposed for marketing.

(3) The reference material should be
administered by the same route as the
formulation proposed for marketing
unless an alternative or additional
route is necessary to answer the sci-
entific question under study. For ex-
ample, in the case of an active drug in-
gredient or therapeutic moiety that is
poorly absorbed after oral administra-
tion, it may be necessary to compare
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the oral dosage form proposed for mar-
keting with the active drug ingredient
or therapeutic moiety administered in
solution both orally and intravenously.

(e) New formulations of active drug in-
gredients or therapeutic moieties approved
for marketing. (1) The purpose of an in
vivo bioavailability study involving a
drug product that is a new formula-
tion, a new dosage form, or a new salt
or ester of an active drug ingredient or
therapeutic moiety that has been ap-
proved for marketing is to:

(i) Determine the bioavailability of
the new formulation, new dosage form,
or new salt or ester relative to an ap-
propriate reference material; and

(ii) Define the pharmacokinetic pa-
rameters of the new formulation, new
dosage form, or new salt or ester to es-
tablish dosage recommendation.

(2) The selection of the reference ma-
terial(s) in such a bioavailability study
depends upon the scientific questions
to be answered, the data needed to es-
tablish comparability to a currently
marketed drug product, and the data
needed to establish dosage rec-
ommendations.

(3) The reference material should be
taken from a current batch of a drug
product that is the subject of an ap-
proved new drug application and that
contains the same active drug ingredi-
ent or therapeutic moiety, if the new
formulation, new dosage form, or new
salt or ester is intended to be com-
parable to or to meet any comparative
labeling claims made in relation to the
drug product that is the subject of an
approved new drug application.

(f) Controlled release formulations. (1)
The purpose of an in vivo bio-
availability study involving a drug
product for which a controlled release
claim is made is to determine if all of
the following conditions are met:

(i) The drug product meets the con-
trolled release claims made for it.

(ii) The bioavailability profile estab-
lished for the drug product rules out
the occurrence of any dose dumping.

(iii) The drug product’s steady-state
performance is equivalent to a cur-
rently marketed noncontrolled release
or controlled release drug product that
contains the same active drug ingredi-
ent or therapeutic moiety and that is

subject to an approved full new drug
application.

(iv) The drug product’s formulation
provides consistent pharmacokinetic
performance between individual dosage
units.

(2) The reference material(s) for such
a bioavailability study shall be chosen
to permit an appropriate scientific
evaluation of the controlled release
claims made for the drug product. The
reference material shall be one of the
following or any combination thereof:

(i) A solution or suspension of the ac-
tive drug ingredient or therapeutic
moiety.

(ii) A currently marketed noncon-
trolled release drug product containing
the same active drug ingredient or
therapeutic moiety and administered
according to the dosage recommenda-
tions in the labeling of the noncon-
trolled release drug product.

(iii) A currently marketed controlled
release drug product subject to an ap-
proved full new drug application con-
taining the same active drug ingredi-
ent or therapeutic moiety and adminis-
tered according to the dosage rec-
ommendations in the labeling proposed
for the controlled release drug product.

(iv) A reference material other than
one set forth in paragraph (f)(2) (i), (ii)
or (iii) of this section that is appro-
priate for valid scientific reasons.

(g) Combination drug products. (1) Gen-
erally, the purpose of an in vivo bio-
availability study involving a combina-
tion drug product is to determine if the
rate and extent of absorption of each
active drug ingredient or therapeutic
moiety in the combination drug prod-
uct is equivalent to the rate and extent
of absorption of each active drug ingre-
dient or therapeutic moiety adminis-
tered concurrently in separate single-
ingredient preparations.

(2) The reference material in such a
bioavailability study should be two or
more currently marketed, single-ingre-
dient drug products each of which con-
tains one of the active drug ingredients
or therapeutic moieties in the com-
bination drug product. The Food and
Drug Administration may, for valid
scientific reasons, specify that the ref-
erence material shall be a combination
drug product that is the subject of an
approved new drug application.
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(3) The Food and Drug Administra-
tion may permit a bioavailability
study involving a combination drug
product to determine the rate and ex-
tent of absorption of selected, but not
all, active drug ingredients or thera-
peutic moieties in the combination
drug product. The Food and Drug Ad-
ministration may permit this deter-
mination if the pharmacokinetics and
the interactions of the active drug in-
gredients or therapeutic moieties in
the combination drug product are well
known and the therapeutic activity of
the combination drug product is gen-
erally recognized to reside in only one
of the active drug ingredients or thera-
peutic moieties, e.g., ampicillin in an
ampicillin-probenecid combination
drug product.

(h) Use of a placebo as the reference
material. Where appropriate or where
necessary to demonstrate the sensitiv-
ity of the test, the reference material
in a bioavailability study may be a pla-
cebo if:

(1) The study measures the thera-
peutic or acute pharmacological effect
of the active drug ingredient or thera-
peutic moiety; or

(2) The study is a clinical trial to es-
tablish the safety and effectiveness of
the drug product.

(i) Standards for test drug product and
reference material. (1) Both the drug
product to be tested and the reference
material, if it is another drug product,
shall be shown to meet all compendial
or other applicable standards of iden-
tity, strength, quality, and purity, in-
cluding potency and, where applicable,
content uniformity, disintegration
times, and dissolution rates.

(2) Samples of the drug product to be
tested shall be manufactured using the
same equipment and under the same
conditions as those used for full-scale
production.

§ 320.26 Guidelines on the design of a
single-dose in vivo bioavailability
study.

(a) Basic principles. (1) An in vivo bio-
availability study should be a single-
dose comparison of the drug product to
be tested and the appropriate reference
material conducted in normal adults.

(2) The test product and the reference
material should be administered to

subjects in the fasting state, unless
some other approach is more appro-
priate for valid scientific reasons.

(b) Study design. (1) A single-dose
study should be crossover in design,
unless a parallel design or other design
is more appropriate for valid scientific
reasons, and should provide for a drug
elimination period.

(2) Unless some other approach is ap-
propriate for valid scientific reasons,
the drug elimination period should be
either:

(i) At least three times the half-life
of the active drug ingredient or thera-
peutic moiety, or its metabolite(s),
measured in the blood or urine; or

(ii) At least three times the half-life
of decay of the acute pharmacological
effect.

(c) Collection of blood samples. (1)
When comparison of the test product
and the reference material is to be
based on blood concentration time
curves, unless some other approach is
more appropriate for valid scientific
reasons, blood samples should be taken
with sufficient frequency to permit an
estimate of both:

(i) The peak concentration in the
blood of the active drug ingredient or
therapeutic moiety, or its metabo-
lite(s), measured; and

(ii) The total area under the curve for
a time period at least three times the
half-life of the active drug ingredient
or therapeutic moiety, or its metabo-
lite(s), measured.

(2) In a study comparing oral dosage
forms, the sampling times should be
identical.

(3) In a study comparing an intra-
venous dosage form and an oral dosage
form, the sampling times should be
those needed to describe both:

(i) The distribution and elimination
phase of the intravenous dosage form;
and

(ii) The absorption and elimination
phase of the oral dosage form.

(4) In a study comparing drug deliv-
ery systems other than oral or intra-
venous dosage forms with an appro-
priate reference standard, the sampling
times should be based on valid sci-
entific reasons.

(d) Collection of urine samples. When
comparison of the test product and the
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