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completely absorbed into the circulation follow-
ing oral administration. As noted earlier, many
drugs undergo the first-pass effect resulting in
some degree of metabolic degradation before en-
tering the general circulation. In addition, factors
of drug product formulation, drug dissolution,
chemical and physical interactions with the gas-
trointestinal contents, gastric emptying time, in-
testinal motility, and others contribute to the in-
complete absorption of an administered dose of
a drug. The oral dosage strengths of many com-
merical products are based on considerations of
the proportion of the dose administered that is
expected to be absorbed and available to its site
of action in order to produce the desired drug
blood level and /or therapeutic response. The ab-
solute bioavailability following oral dosing is
generally compared to intravenous dosing. As
examples, the mean oral absorption of a dose of
verapamil (Calan) is reported to be 90%; enala-
pril (Vasotec) 60%; diltiazem (Cardizem) about
40%, and lisinopril (Zestril) about 25%. How-
ever, there is large intersubject variability, and
the absorbed doses may vary patient-to-patient.

Bioequivalence of Drug Products

A great deal of discussion and scientific inves-
tigation has been devoted recently to the prob-
lem of determining the equivalence between
drug products of competing manufacturers.

It has become well established that the rate
and extent to which a drug in a dosage form
becomes available for biologic absorption or uti-
lization depends in great measure upon the ma-
terials utilized in the formulation and also on
the method of manufacture. Thus, the same drug
when formulated in different dosage forms may
be found to possess different bioavailability
characteristics and hence exhibit different clini-
cal effectiveness. Further, two seemingly “identi-
Fal" or “equivalent” products, of the same drug,
in the same dosage strength and in the same dos-
age form type, but differing in formulative mate-
‘!’lals ormethod of manufacture, may vary widely
in bioavailability and thus in clinical effective-
ness,

: Dissolution requirements for capsules and tab-
&8 are included in the USP and are integral to
lavailability, Experience has shown that where

' ‘sioi"‘*quivalcnce has been found between two
;'\ Esl:gl()sedly equivalent products, dissolution
'8 can help to define the product differ-

Blcec i
£6s. According to the USP, si gnificant bioavail-

ability and bioinequivalence problems may be
revealed through dissolution testing and are
generally the result of one or more of the follow-
ing causal factors: the drug’s particle size; exces-
sive amounts of the lubricant magnesium stea-
rate in the formulation; coating materials,
especially shellac; and inadequate amounts of
tablet or capsule disintegrants.

The following terms are used by the Food and
Drug Administration to define the type or level
of “equivalency” between drug products.®

Pharmaceutical equivalents are drug products
that contain identical amounts of the identical
active drug ingredient, i.e., the same salt or ester
of the same therapeutic moiety, in identical dos-
age forms, but not necessarily containing the
same inactive ingredients, and that meet the
identical compendial or other applicable stan-
dard of identity, strength, quality, and purity,
including potency and, where applicable, con-
tent uniformity, disintegration times, and/or
dissolution rates.

Pharmaceutical alternatives are drug products
that contain the identical therapeutic moiety, or
its precursor, but not necessarily in the same
amount or dosage form or as the same salt or
ester. Each such drug product individually
meets either the identical or its own respective
compendial or other applicable standard of iden-
tity, strength, quality, and purity, including po-
tency and, where applicable, content uniformity,
disintegration times, and/or dissolution rates.

Bioequivalent drug products are pharmaceut-
ical equivalents or pharmaceutical alternatives
whose rate and extent of absorption do not show
a significant difference when administered at the
same molar dose of the therapeutic moiety under
similar experimental conditions, either single
dose or multiple dose. Some pharmaceutical
equivalents or pharmaceutical alternatives may
be equivalent in the extent of their absorption
but not in their rate of absorption, and yet may
be considered bioequivalent because such dif-
ferences in the rate of absorption are intentional
and are reflected in the labeling, are not essential
to the attainment of effective body drug concen-
trations on chronic use, or are considered medi-
cally insignificant for the particular drug product
studied.

In addition, the term therapeutic equivalents has
been used to indicate pharmaceutical equiva-
lents which, when administered to the same indi-
viduals in the same dosage regimens, will pro-
vide essentially the same therapeutic effect.
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become confused or upset if dispensed an alter-
nate product that differs in color, flavor, shape,
or packaging from that to which he or she has
become accustomed. Switching between prod-
ucts can generate concern, and thus pharmacists
need to be prudent in both initial product selec-
tion and in product interchange.

Routes of Drug Administration

Drugs may be administered by a variety of
dosage forms and routes of administration, as
presented in Tables 3-5 and 3-6. One of the fun-
damental considerations in dosage form design
is whether the drug is intended for local or sys-
ternic effects. Local effects are achieved from di-
rect application of the drug to the desired site of
action, such as the eye, nose, or skin. Systemic
effects result from the entrance of the drug into
the circulatory system and its subsequent trans-

Table 3-5. Routes of Drug Administration

Term Site
oral mouth
peroral (per os') gastrointestinal tract
via mouth
sublingual under the tongue
parenteral other than the
gastrointestinal
tract (by injection)
intravenous vein
intraarterial artery
intracardiac heart
intraspinal or spine
intrathecal
intracsseous bone
intraartcular joint
intrasynovial joint-fluid area
infracutaneous or skin
intradermal
subcutaneous beneath the skin
intramuscular muscle
epicutaneous {topical) skin surface
transdermal skin surface
conjunctival conjunctiva
intraocular eye
intranasal nose
aural ear
intrarespiratory lung
rectal rectium
vaginal vagina
urethral urethra

! The abbreviation “p.o.”” is commonly employed on
prescriptions to indicate to be swallowed.

port to the cellular site of its action. For systemic
effects, a drug may be placed directly into the
blood stream via intravenous injection or ab-
sorbed into the venous circulation following
oral, or other routes of administration.

Table 3-6. Dosage Form/Drug Delivery System
Application

Route of
Administration

Primary Dosage Forms

oral tablets
capsules
solutions
Byrups
elixirs
suspensions
magmas
gels

powders

sublingual tablets
troches or lozenges

parenteral solutions
suspensions

epicutaneous/ ointments

transdermal -CTeams
infusion pumps
pastes
plasters
powders
aerosols
lotions
transdermal patches, discs,

solutions

contact lens inserts
ointments

conjunctival

intraocular/ solutions
intraaural suspensions

intranasal solutions
sprays
inhalants
ointments

intrarespiratory aerosols

rectal solutions

pintments

suppositories
vaginal solutions

ointments

emulsion foams

tablets

inserts, suppositories, sponge
urethral solubions

suppositories
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