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Many drugs are marketed by more than one pharmaceutical manufacturer. The
study of biopharmaceutics gives substantial evidence that the method of manufac-
ture and the final formulation of the drug can markedly affect the bioavailability
of the drug. Because of the plethora of drug products containing the same amount
of active drug, physicians, pharmacists, and others whoprescribe, dispense, or pur-
chase drugs must select generic products that produce an equivalent therapeutic
effect to the brand product. To facilitate such decisions, guidelines have been de-
veloped by the United States Food and Drug Administration (FDA). The guide- |
lines are available on the Internet (http://www.fda.gov). Some of the guidelines
also appear in the United States Pharmacopeia/National Formulary (USP-NF).
These guidelines and methods for determining drug availability are discussed in
this chapter.

DEFINITIONS

* Bioavailability. Indicates a measurementof the rate and extent (amount) of ther-
apeutically active drug that reaches the systemic circulation and is available at
the site of action.

Bioequivalence requirement. A requirement imposed by the Food and Drug Admin-
istration (FDA)for in vitroand/orin vivo testing ofspecified drug products which
mustbe satisfied as a condition for marketing.
Bioequivatent drugproducts. Bioequivalent drug products are pharmaceuticalequiv-
alents that have similar bioavailability (ie, are not significantly different with re-
spect to rate and extent of absorption) when given in the same molar dose and
studied undersimilar experimental conditions. Some drugs maybe considered
bioequivalent that are equal in the extent of absorption but no/ in therate of ab-
sorption; this is possible if the difference in the rate of absorptionis considered
clinically insignificant, is not essential for the attainmentof effective body drug
concentrations on chronic use, andis reflected in the proposed labeling. For ex-
ample, aspirin and acetaminophenare well-absorbed drugs, and small differences
in the rate of absorption are of very little clinical consequence. Bioequivalence
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may sometimes be demonstrated using an in vitro bioequivalence standard, es-
pecially when such anin vitro test has been correlated with humanin vivo bioavail-
ability data. For some products, other invivo tests may be appropriate, including
comparative clinical trials or pharmacodynamicstudies.

© Brand name. Trade nameof the drug. This nameis privately owned by the man-
ufactureror distributor andis used to distinguish the specific drug product from
competitors’ products (eg, Tylenol, McNeil Laboratories).

© Chemical name. Nameused by the organic chemistto indicate the chemicalstruc-
ture of the drug (eg, N-acetyl-paminophenol).

¢ Drug product. The finished dosage form (eg, tablet, capsule or solution) that con-
tains the active drug ingredient, generally, but not necessarily, in association with
inactive ingredients.

° Drug product selection. The process of choosing orselecting the drug product in
a specified dosage form.

© Drug substance. A drug substance is the active pharmaceutical ingredient (API)
or componentin the drug productthat furnishes the pharmacodynamicactivity.

© Equivalence. Relationship in termsofbioavailability, therapeutic response,ora set
of established standards of one drug product to another.

© Generic name. The established, nonproprietary, or common nameof the active
drug in a drug product (eg, acetaminophen).

© Generic substitution. The process of dispensing a different brand or unbranded
drug productin place of the prescribed drug product. The substituted drug prod-
uct contains the sameactive ingredient or therapeutic moiety as the samesalt or
ester in the same dosage form but is made by a different manufacturer. For ex-
ample, a prescription for Motrin brand of ibuprofen might be dispensed by the
pharmacist as Advil brand of ibuprofen or as a nonbranded generic ibuprofen
if generic substitution is permitted and desired by the physician.

¢ Pharmaceutical alternatives. Drug products that contain the same therapeutic moi-
ety but as different salts, esters, or complexes. For example, tetracycline phos-
phate or tetracycline hydrochloride equivalent to 250 mg tetracycline base are
considered pharmaceutical alternatives. Different dosage forms and strengths
within a product line by a single manufacturer are pharmaceutical alternatives
(eg, an extended-release dosage form and a standard immediate-release dosage
form of the sameactive ingredient).

© Pharmaceutical equivalents. Drug products that contain the same active drug in-
gredient (samesalt, ester, or chemical form) andare identical in strength or con-
centration, dosage form, and route of administration (eg, diazepam, 5 mgoral
tablets). Chemical equivalents are pharmaceutical equivalents. Pharmaceutical
equivalent drug products must meetthe identical standards (strength, quality,
purity, and identity), but may differ in such characteristics as color, flavor, shape,
scoring configuration, packaging, excipients, preservatives, expiration time, and
(within certain limits) labeling.

© Pharmaceutical substitution. The process of dispensing a pharmaceutical alterna-
tive for the prescribed drug product. For example, ampicillin suspension is dis-
pensedin place of ampicillin capsules, or tetracycline hydrochloride is dispensed
in place of tetracycline phosphate. Pharmaceutical substitution generally requires
the physician’s approval.

© Therapeutic alternatives. Drug products containing different active ingredients that
are indicated for the same therapeutic or clinical objectives. Active ingredients
in therapeutic alternatives are from the same pharmacologic class and are ex-
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pected to have the same therapeutic effect when administered to patients for
such condition of use. For example, ibuprofen is given instead of aspirin; ci-
metidine may be given instead of ranitidine.

© Therapeutic equivalents. Therapeutic equivalents are drug products that contain
the same therapeuticallyactive drug that should give the same therapeutic effect
andhave equal potential for adverse effects under conditionsset forth in the la-
bels of these drug products. Therapeutic drug products maydiffer in certain
characteristics, such as color, scoring, flavor, configuration, packaging, preserva-
tives, and expiration date. Therapeutic equivalent drug products must be (1) safe
andeffective, (2) pharmaceutical equivalents, (3) bioequivalent, (4) adequately
labeled, and (5) manufactured in compliance with current good manufacturing
practices.

¢ Therapeutic substitution. The process of dispensing a therapeutic alternative in
place of the prescribed drug product. For example, amoxicillin is dispensed for
ampicillin or acetaminophenis dispensed foraspirin.

PURPOSE OF BIOAVAILABILITY STUDIES

Bioavailability studies are performed for both approved active drug ingredients or
therapeutic moieties not yet approved for marketing by the FDA. Newformulations
of active drug ingredients or therapeutic moieties must be approvedprior to mar-
keting by the FDA.In approving a drug product for marketing, the FDA must en-
sure that the drug productis safe and effective for its labeled indications foruse.
Moreover, the drug product must meetall applicable standards ofidentity, strength,
quality, and purity. To ensure that these standards are met, the FDA requires
bioavailability/pharmacokinetic studies and where necessary bioequivalence stud-
ies for all drug products.

For unmarketed drugs which do not have full new drug application (NDA) ap-
proval by the FDA,in vitroand/orin vivo bioequivalence studies must be performed
on the drug formulation proposed for marketing as a generic drug product.
Furthermore, the essential pharmacokinetics ofthe active drug ingredient orther-
apeutic moiety must be characterized. Essential pharmacokinetic parameters in-
cluding the rate and extent of systemic absorption, elimination half-life, and rates
of excretion and metabolism should be establishedafter single- and multiple-dose
administration. Data from these in vivo bioavailability studies are important to es-
tablish recommendeddosage regimens and to support drug labeling.

In vivo bioavailability studies are performed also for new formulations ofactive
drug ingredients or therapeutic moieties that have full NDA approval andare ap-
proved for marketing. The purpose ofthese studies is to determine the bioavail-
ability and to characterize the pharmacokinetics of the new formulation, new
dosage form, or newsalt or ester relative to a reference formulation.

After the bioavailability and essential pharmacokinetic parameters of the active
ingredient or therapeutic moietyare established, dosage regimens may be recom-
mended in support of drug labeling.

In summary, clinical studies are useful in determining the safety and efficacy of
the drug product. Bioavailability studies are used to define the effect of changes
in the physicochemical properties of the drug substance and the effect of the drug
product (dosage form) on the pharmacokinetics of the drug. Bioequivalence stud-
ies are used to compare the bioavailability of the same drug (samesalt or ester)
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from various drug products. If the drug products are bioequivalent and therapeu-
tically equivalent (as defined above), then the clinical efficacy and the safety pro-
file of these drug products are assumed to be similar and may be substituted for
each other.

RELATIVE AND ABSOLUTE AVAILABILITY

The area underthe drug concentration-time curve (AUC)is used as a measure of
the total amountofunaltered drug that reaches the systemic circulation. The AUC
is dependent on the total quantity of available drug, MD, divided bythe elimina-
tion rate constant, k, and the apparent volumeofdistribution, Vp. Fis the fraction
of the dose absorbed. After IV administration, Fis equal to unity, because the en-
tire dose is placed into the systemic circulation. Therefore, the drug is considered
to be completelyavailable after IV administration. After oral administration of the
drug, F mayvary from a value of 0 (no drug absorption) to 1 (complete drug ab-
sorption).

Relative Availability

Relative (apparent) availability is the availability of the drug from a drug product
as comparedto a recognized standard. The fraction of dose systemicallyavailable
from anoral drug productis difficult to ascertain. The availability of drug in the
formulation is compared to the availability of drug in a standard dosage formula-
tion, usually a solution of the pure drug evaluated in a crossover study. The rela-
tive availability of two drug products given at the same dosage level and by the same
route of administration can be obtained with the following equation:

: enitie,—AUCIa
Relative availability = ———— (10.1)

[AUC],

where drug product B is the recognized reference standard. This fraction may be
multiplied by 100 to give percent relative availability.

Whendifferent doses are administered, a correction for the size of the dose is

made,as in the following equation:

AUC] ,/dose ARelative availability =TASLafseea
[AUC] p/dose B

Urinary drug excretion data may also be used to measurerelative availability, as
long as the total amountofintact drug excreted in the urine is collected. The per-
cent relative availability using urinary excretion data can be determinedasfollows:

x

[Duala
Percent relative availability = 1D.Js x 100 (10.2)ul B

where [D,]* is the total amount of drug excreted in the urine.

Absolute Availability

 

The absolute availability of drug is the systemic availability of a drug after ex-
travascular administration (eg, oral, rectal, transdermal, subcutaneous). The ab-
solute availability of a drug is generallymeasured by comparingthe respectiveAUCs
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after extravascular and IV administration. This measurement may be performed as
long as Vp and k are independentof the route of administration. Absolute avail-
ability after oral drug administration using plasma data can be determined asfol-
lows:

AUC]po/d FAbsolute availability = AUCIro/dosero _ F (10.3)
[AUC]1/dosery z

Absolute availability using urinary drug excretion data can be determined bythe
following:

Dulfo/dAbsolute availability = LDulPo/dosero (10.4)
[Duliv/dosery

The absolute bioavailability is also equal to F, the fraction of the dose that is
bioavailable. Absolute availability is sometimes expressed as a percent, ie,= 1, or
100%. For drugs given intravascularly, such as by IV bolusinjection, F = 1, because
all the drug is completely absolved.Forall extravascular routes of administration,
F = 1. Fis usually determined by Equations 10.3 or 10.4.

(eZ) PRACTICE PROBLEM 
The bioavailability of a new investigational drug was studied in 12 volunteers. Each
volunteer received either a single oral tablet containing 200 mg of the drug, 5 mL of
a pure aqueoussolution containing 200 mg of the drug, or a single IV bolus injec-
tion containing 50 mgof the drug. Plasma samples were obtained periodically up to
48 hr after the dose andassayed for drug concentration. The average AUC values (0
to 48 hr) are given in the table below. From these data, calculate (1) the relative
bioavailability of the drug from the tablet comparedto the oral solution and (2) the
absolute bioavailability of the drug from thetablet.

Drug Product Dose (mg) AUC(pug hr/mL) Standard Deviation
Oraltablet 200 89.5 19.7
Oral solution 200 86.1 18.1
IV bolusinjection 50 37.8 5.7
Solution

Therelative bioavailability of the drug from thetablet is estimated using Equation
10.1. No adjustmentfor dose is necessary.

ee Saat+Oe
Relative bioavailability = —— = 1.04

86.1

Therelative bioavailability of the drug from thetabletis 1.04, or 104%, compared
to the solution. In this study, the difference in drug bioavailability between tablet and
solution was notstatistically significant.

The absolute drug bioavailability from the tabletis calculated using Equation 10.3
and adjusting for the dose.
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