
BIOAVAILABILITY



Bioavailability

Definition: the fraction of the administered 

dose reaching the systemic circulation

for i.v.: 100%

for non i.v.: ranges from 0 to 100%

e.g. lidocaine bioavailability 35% due to 

destruction in gastric acid and liver metabolism



• BIOAVAILABILITY

• The definition of bioavailability offered by the US Food and Drug 
Administration is: 'The rate and extent to which the therapeutic moiety is 
absorbed and becomes available to the site of drug action'. 

• For many drugs there is a direct relationship between the 
pharmacological response and the drug concentration at the receptor 
site. 

• The concentration depends not only upon the disposition kinetics of 
the drug but also on the efficiency and the design of the drug delivery 
system. 

• The drug delivery system is the sequence of events that culminates in 
the delivery of drug to the site of drug action. 

• This process includes the administration of the drug product, the 
release of the active ingredient by the product, and the subsequent 
transport of the active ingredient across biological membranes to the 
site of action.

• Improving the efficiency of the system in increasing the rate and extent 
of drug delivery should result in increased rate of onset and an 
elevated intensity of drug response.

• With specially designed drug delivery systems, such as prolonged-
release medication, the duration of drug action may be greater than 
that attained with conventional formulations.

• To get from the lumen of the small intestine into the systemic 
circulation a drug must not only penetrate the intestinal mucosa; it 
must also run the gauntlet of enzymes that may inactivate it in gut wall 
and liver. 



• The term bioavailability is used to indicate the proportion of drug that 
passes into the systemic circulation after oral administration, taking 
into account both absorption and local metabolic degradation.

• It is a convenient term for making bland generalisations, but the concept 
creaks badly if attempts are made to use it with quantitative precision, or 
even to define it. 

• One problem is that it is not a characteristic solely of the drug 
preparation, since variations in enzyme activity of the gut wall or the 
liver, and in gastric pH or intestinal motility will all affect it.

• Because of this, one cannot speak strictly of the bioavailability of a 
particular preparation, but only of that preparation in a given individual 
on a particular occasion. 

• Even with this caveat, the concept is of limited use because it relates 
only to the total proportion of the drug that reaches the systemic 
circulation, and ignores the time taken.

• Thus, if a drug is completely absorbed in 30 minutes, it will reach a much 
higher plasma concentration and have a more dramatic effect than the same 
drug absorbed over 6 hours. It is significant that one rarely sees a value 
assigned to 'bioavailability', and it is well to be wary of ostensibly 
measurable quantities which are used impressionistically, but not 
actually given values.

• For these reasons, regulatory authorities—which have to make decisions 
about the licencing of products that are 'generic equivalents' of patented 
products—lay importance on evidence of bioequivalence, i.e. evidence 
that the new product behaves sufficiently similarly to the existing one 
to be substituted for it without causing clinical problems.
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PRINCIPLE

For drugs taken by routes other than the 

i.v. route, the extent of absorption and the 

bioavailability must be understood in 

order to determine what dose will induce 

the desired therapeutic effect. It will also 

explain why the same dose may cause a 

therapeutic effect by one route but a toxic 

or no effect by another.



Pharmacokinetic 

parameters

• Volume of distribution Vd = DOSE / 

C0

• Plasma clearance Cl = Kel .Vd

• plasma half-life t1/2 =  0.693 / 

Kel

• Bioavailability (AUC)x / (AUC)iv

Get equation of regression line; from it get Kel, C0 , and AUC



BIOAVAILABILITY

The bioavailabiliry of a drug is the fraction of the administered dose 
that reaches the systemic circulation. Bioavailability is defined as 
unity (or 100%) in the case of intravenous administration.

Bioavailability is expressed as the fraction of administered drug that 
gains access to the systemic circulation in a chemically unchanged 
form. For example, if 100 mg of a drug are administered orally and 70 
mg of this drug are absorbed unchanged, the bioavailability is seventy 
percent.

After administration by other routes, bioavailability is generally 
reduced by incomplete absorption (or, in the intestine, expulsion of 
drug by the intestinal P-glycoprotein transporter), first-pass 
metabolism, and any distribution into other tissues that occurs 
before the drug enters the systemic circulation. 

Even for drugs with equal bioavailabilities, entry into the systemic 
circulation occurs over varying periods of time depending on the drug 
formulation and other factors. 

To account for such factors, the concentration appearing in the 
plasma is integrated over time to obtain an integrated total area 
under the plasma concentration curve (AUC).



• Determination of bioavailability

• Bioavailability is determined by comparing plasma levels 

of a drug after a particular route of administration (for 

example, oral administration), with plasma drug levels 

achieved by IV injection, in which all of the agent enters 

the circulation.

• When the drug is given orally, only part of the administered 

dose appears in the plasma. By plotting plasma 

concentrations of the drug versus time, one can 

measure the area under the curve (AUC). This curve 

reflects the extent of absorption of the drug. [Note: By 

definition, this is 100 percent for drugs delivered IV]

• Bioavailability of a drug administered orally is the ratio 

of the area calculated for oral administration compared 

with the area calculated for IV injection (Figure 1.7).



The area under the curve is used to calculate the bioavailability of a 

drug.The AUC can be derived: either single dose studies (left panel) or 

multiple dose measurements (right panel). Bioavailability is calculated 

from

AUC(route)/AUC(IV).



Figure 1.7

Determination of the 

bioavailability of a 

drug. (AUC = area 

under curve.)
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But C x dt = small area under the curve.  For total 

amount eliminated (which is the total given, or the 

dose, if i.v.), add all the small areas = AUC. 

Dose = CL x AUC and Dose x F = CL x AUC

dC/dt = CL x C

dC = CL x C x dt



• Factors that influence bioavailability

• 1. First-pass hepatic metabolism: When a drug is absorbed across the 
Gl tract, it enters the portal circulation before entering the systemic 
circulation If the drug is rapidly metabolized by the liver, the amount of 
unchanged drug that gains access to the systemic circulation is 
decreased. Many drugs, such as propranolol or lidocaine, undergo 
significant biotransformation during a single passage through the liver.

• 2. Solubility of the drug: Very hydrophilic drugs are poorly absorbed 
because of their inability to cross the lipid-rich cell membranes. 
Paradoxically, drugs that are extremely hydrophobic are also poorly 
absorbed, because they are totally insoluble in the aqueous body fluids 
and, therefore, cannot gain access to the surface of cells. For a drug to be 
readily absorbed, it must be largely hydrophobic yet have some solubility 
in aqueous solutions.

• 3. Chemical instability: Some drugs, such as penicillin G, are unstable in 
the pH of the gastric contents. Others, such as insulin, are destroyed in 
the Gl tract by degradative enzymes.

• 4. Nature of the drug formulation: Drug absorption may be altered by 
factors unrelated to the chemistry of the drug. For example, particle size, 
salt form, crystal polymorphism, and the presence of excipients (such as 
binders and dispersing agents) can influence the ease of dissolution and, 
therefore, alter the rate of absorption.



• BIOAVAILABILITY AND BIOEQUIVALENCE
• Bioavailability is the fraction of an ingested dose of a drug that gains 

access to the systemic circulation. It may be low because absorption is 
incomplete, or because the drug is metabolised in the gut wall or liver 
before reaching the systemic circulation.

• Bioequivalence implies that if one formulation of a drug is substituted 
for another no clinically untoward consequences will ensue.

• Different formulations of the same drug will not necessarily produce 
identical pharmacological responses. The availability of a drug may be 
affected by the dosage form in which it is contained.

• The term bioavailability refers to the rate and extent of drug absorption 
from a dosage form.

• There is much evidence indicating that a drug's absorption, and 
therefore therapeutic performance, can be markedly affected by the 
materials and methods used in the manufacture of the dosage form. 

• The physician must therefore realize that generically equivalent 
preparations (containing the same quantity of active drug) from 
different commercial sources cannot be assumed to have the same 
clinical effect or result in identical blood levels.



• The most reliable and sensitive method of determining 
bioavailabilitv involves an analysis of plasma or serum 
concentrations of the drug at various times after oral 
administration.

• Several components of the curve that describes serum 
drug concentration as a function of time provide important 
information on bioavailability.

• For example, the peak drug concentration (peak height) in 
blood is the highest concentration achievable with a 
particular formulation. 

• The rate of drug absorption is reflected by the time 
required to achieve the maximum concentration following 
drug administration. 

• Differences in bioavailability will be significant depending 
on the potency and toxicity associated with the individual 
drug under evaluation. 

• The clinical importance of bioavailability and bio-
equivalence data is greatest for those drugs having a low 
therapeutic index such as digoxin, antiarrhythmics, 
anticonvulsants, and bronchodilators.



• Bioequivalence

• Two related drugs are bioequivalent if they show comparable 

bioavailability and similar times to achieve peak blood 

concentrations. 

• Two related drugs with a significant difference in bioavailability are 

said to be 'bioinequivalent’

• Therapeutic equivalence

• Two similar drugs are therapeutically equivalent if they have 

comparable efficacy and safety. 

• [Note: Clinical effectiveness often depends both on maximum 

serum drug concentrations and on the time after administration 

required to reach peak concentration.

• Therefore, two drugs that are bioequivalent may not be 

therapeutically equivalent.]



• Drug absorption and bioavailability

• Drugs of very low lipid solubility, including those that 

are strong acids or bases, are generally poorly 

absorbed from the gut.

• A few drugs (e.g. levodopa) are absorbed by carrier-

mediated transfer.

• Absorption from the gut depends on many factors, 

including:

• — gastrointestinal motility

• — gastrointestinal pH

• — particle size

• — physicochemical Interaction with gut contents (e.g. 

chemical interaction between calcium and tetracycline 

antibiotics).



the punch line here is that ...

• ALL DRUGS PURPORTED TO HAVE THE SAME 

CHEMICAL IN THE SAME QUANTITIES ARE NOT 

NECESSARILY AVAILABLE TO THE BODY IN THE 

SAME AMOUNTS


