Bioavailability and Bioequivalence

February, 2020

Session Objectives
After this session you will be able to
Define bioavailability and bioequivalence
Differentiate types of bioavailability (absolute, relative)
Describe methods of Assessing Bioavailability (in vivo

methods, in vitro methods)
Describe bioequivalence studies
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A primary concern in Biopharmaceutics
is the bioavailability of drugs

Bioavailability
refers to the measurement of the rate and extent of
active drug that reaches the systemic circulation.
means access to the bloodstream
3

BT

4/27/2020

What is Bioavailability?
 The FDA define bioavailability as "the rate and extent to

which the active drug ingredient or therapeutic moiety is
absorbed from a drug product and becomes available at the
site of drug action"
Drug conc. usually cannot be readily measured at site of

action
Most bioavailability studies involve determination of drug
conc. in blood or urine
 Drug at site of action is in equilibrium with drug in blood
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Indirect measure of drug response
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Bioavailability…
 Bioavailability is more commonly defined as "the rate and

extent that the active drug is absorbed from a dosage form
and becomes available in the systemic circulation”
 Bioavailability is concerned with how quickly and how much of

drug appears in blood after specific dose is administered
 It concerns with fraction of dose that actually reaches

blood stream


Represents "effective dose" of drug

 Bioavailability of drug from DF is critical element of drug

product's clinical efficacy
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Purposes of Bioavailability
 Bioavailability studies are performed for both therapeutic

moieties not yet approved for marketing and approved
active drugs
 For new drugs
 To establish essential PhK parameters including
 Rate and extent of systemic absorption
 Rates of excretion and metabolism
 Elimination half-life
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Purposes…
To establish dosage regimens
 Dose, frequency of administration, treatment duration
To determine influence of
 Excipients
 Manufacturing procedures
 Patient related factors on biological performance of
new drug formulation

7

BT

4/27/2020

Purposes…
 For approved drugs
To develop new DF or to improve on existing DF
In approving drug product for marketing, FDA

ensure that drug product is safe and effective for its
labelled indications of use
Drug product must meet all applicable standards of

identity, strength, quality, and purity
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Bioavailability studies are required to ensure safety and
efficacy
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Methods for Assessing Bioavailability
 Plasma drug concentration
 Time for peak plasma (blood) concentration (t max)
 Peak plasma drug concentration (C max)

 Area under the plasma drug concentration–time curve

(AUC)
 Urinary drug excretion
 Cumulative amount of drug excreted in the urine (Du)
 Rate of drug excretion in the urine (dDu/dt)

 Time for maximum urinary excretion (t)
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Methods…
 Clinical observations
 Well-controlled clinical trials

 In-vitro studies
 Drug dissolution
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Methods…
 Plasma drug concentration
 Plasma is most commonly used for drug measurement
 Assuming the drug concentration in the plasma is in

equilibrium with the tissues
 Data is generated by obtaining the drug concentration

in plasma samples taken at various time intervals after a
drug product is administered
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Plasma Level-Time Curve.…
 The concentration of drug in each plasma sample is plotted on

rectangular-coordinate graph paper against the
corresponding time at which the plasma sample was
removed
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Plasma Level-Time Curve.…
 As the drug reaches the systemic circulation, plasma drug

concentrations will rise up to a maximum
 Initially, absorption of a drug is more rapid than elimination
 As the drug is being absorbed into the systemic circulation,

the drug is distributed to all the tissues in the body and is
also simultaneously being eliminated
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Figure: Plasma level–time curve following
administration of single doses of (A) 250 mg,
(B) 500 mg, and (C) 1000 mg of a drug.
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Figure: plasma con data following
administration of identical doses of
three different formulations of the
same drug.
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Plasma Level-Time Curve.…
Peak Plasma concentration (Cmax):
 The peak represents the point of time

when absorption rate equals
elimination rate of drug
 Provides indications that drug is sufficiently

systemically absorbed to provide
therapeutic response
 Provides warning of possibly toxic levels of

drug
 Often used as surrogate measure for rate of

drug bioavailability
16
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Plasma Level-Time Curve,…
Time of Peak Concentration (tmax):
 Is the time of maximum drug concentration

in the plasma and is a rough marker of
average rate of drug absorption
 If all other factors are constant, such as the
extent of absorption and rate of elimination,
then
 Cmax is proportional to the rate of
absorption and
Tmax is inversely proportional to the
absorption rate
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Plasma Level-Time Curve.…
Tmax
The faster the absorption of a drug the higher the
maximum concentration will be and the less time it will
take to reach the maximum concentration
Peak drug absorption occurs
Rate of absorption exactly equals rate of drug

elimination
Drug absorption still continues after tmax is reached, but

at slower rate
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Plasma Level-Time Curve….


Minimum Effective Concentration (MEC):
It is defined as the minimum concentration of drug in

plasma required to produce the therapeutic effect
 It reflects the minimum concentration of drug at the

receptor site to elicit the desired pharmacological
response
The concentration of drug below MEC is said to be in

the sub‐therapeutic level
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Plasma Level-Time Curve….


Minimum toxic concentration (MTC)
 Also called maximum safe concentration

It is the concentration of drug in plasma above which

adverse or unwanted effects are precipitated
Concentration of drug above MTC is said to be in the

toxic level
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Plasma Level-Time Curve….
Onset of action
 The time at which the administered drug reaches the

therapeutic range and begins to produce the effect
Termination of action
 The time at which the drug concentration in the plasma

falls below the minimum effective concentration (MEC)
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Plasma Level-Time Curve….
Therapeutic range
 The plasma or serum concentration range within which

the drug is likely to produce the therapeutic activity or
effect
Duration of action
 The time span from the beginning of the onset of action

up to the termination of action
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Plasma Level-Time Curve….
 Area Under the curve (AUC)
 It represents the total integrated area under the plasma

level time profile
 Is related to the amount of drug absorbed systemically

is representative of, and proportional to, the total

amount of drug absorbed into the circulation
 It is used to quantitate the extent of drug absorption
 It is the most important parameter in evaluating the

bioavailability of a drug from its dosage form
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Determination of AUC
1. Use of planimeter

 The method appear to be simple and most reliable but

less popular-due to lack of availability of the instrument
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Determination of AUC….
2. Counting square
 The plasma concentration as a function of time is plotted

on a regular rectilinear graph paper
 A smooth curve is drawn to best represent the data points
 Divided into three areas
 Area of larger square
 Area of medium square
 Area of small square

 Use is declining this days
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Determination of AUC….
3. Trapezoidal method
 Most accepted method-simple, least time consuming

AUC = ½ ( C1 + C2) (t2 – t1) + ½ (C2 + C3) (t3 – t2) +…….
½ (C n-1 + C n ) (tn – tn-1 )
where C = Concentration, t = time, n, subscript= sample number,
AUC = Area Under the Curve
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Plasma Level-Time Curve….
 E.g. Figure below shows the plasma profile of three

formulations (A, B and C) of the same dose of the same drug
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Plasma Level-Time Curve….
 The area under the curves for formulations A and B are

similar indicating that the drug is absorbed to a similar
extent from these two formulations
 The drug absorbed faster from formulation A than from

formulation B
 Formulation A shows a fast onset of therapeutic action but its

peak plasma concentration exceeds the maximum safe
concentration
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Plasma Level-Time Curve….
 The duration of action of the therapeutic effect obtained

with formulation B is longer than that obtained with A
 Formulation C gives a much smaller area under the

plasma concentration-time curve, indicating that a lower
proportion of the dose has been absorbed
 Slower rate of absorption from formulation C (the time of

peak concentration is longer than for formulations A and B)
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Plasma Level-Time Curve….
 the peak plasma concentration not reaching the minimum

effective concentration
 Therefore,
 Formulation B appears to be superior to formulation A from a clinical

viewpoint, in that its peak plasma concentration lies within the
therapeutic range of the drug and the duration of the therapeutic effect
is longer
 Formulation C does not produce a therapeutic effect and consequently

is clinically ineffective as a single dose
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Practice example
 From the following blood data obtained after the oral

administration of 50mg of drug A. calculate the AUC? Identify
Cmax &Tmax
Time in hr

1
2
3
4
5
6
31
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Plasma drug con in µg/ml

5.5
9.2
14.9
10.3
7.1
2.2
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Advantages & Disadvantages of Plasma
drug concentration
 Advantages
the results are accurate, reliable, reproducible

 Disadvantage
Invasive
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Urinary drug excretion
 The drug must be excreted in significant quantities as

unchanged drug in the urine
 The rate and extent of drug excreted in the urine reflects

the rate and extent of systemic drug absorption
 Urine samples are collected periodically after

administration of a drug product
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Urinary drug excretion…
 Each urine specimen is analyzed for free drug using a

specific assay
 A graph is constructed that relates the cumulative drug

excreted to the collection-time interval
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Urinary drug excretion…

 When the drug is almost
completely eliminated (point C)
the
plasma
approaches zero and

concentration

the maximum amount of drug
excreted in the urine, D ∞u, is
obtained
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Figure: Corresponding plots relating the plasma
level–time curve and the cumulative urinary drug
4/27/2020
excretion.

Urinary drug excretion…
 Cumulative amount of drug excreted in the urine (Du∞)

Is related directly to the total amount of drug absorbed
 The rate of drug excretion (dD u/dt)

the slope of the curve segment A-B is related to the

rate of drug absorption
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dD u/dt - rate of drug excretion,…
 Plot of dD u/dt vs. time is similar in shape as plasma

level–time curve for that drug
 The maximum rate of drug excretion,

(dD u/dt)max is at point B
 whereas the minimum rate of drug

excretion is at points A and C

37

BT

4/27/2020

Urinary drug excretion,…
 The total time for the drug to be excreted (t∞)
 Point C is related to the total time required after drug

administration for the drug to be systemically absorbed and
completely excreted
 Urinary drug excretion is primarily useful for assessing

extent of drug absorption
 Used in conjunction with blood level data for

confirmatory purposes
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Urinary drug excretion,…
 Advantages

 It involves non invasive method of sampling
 The concentration of the drug in the urine is often greater

than that in blood /serum allowing easy estimation of
drug
 The amount of the drug excreted in urine is obtained

directly
39
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Urinary drug excretion,…


Disadvantages

 The metabolites of the drug are also concentrated in the

sample
May interfere with the estimation of the unchanged drug in

the urine sample
 Urine samples should be collected for 10 half lives of the

drug to ensure a 99.9% of drug elimination
 Presence of other routes of excretion
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Clinical Observations
 Demonstration of a clinically significant effect

 Theoretically this method seems to be the best among

methods, but practically it is not
Clinical studies are complex, expensive, time-consuming and

require a sensitive and quantitative measure of the desired
response
Response is often quite variable, requiring a large test
population
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Clinical Observations….
 Observed differences cannot be attributed only to

formulation
 Clinical trials approach is least accurate, least sensitive, and

least reproducible of general approaches for determining in-vivo
bioavailability
 Practical considerations, therefore, preclude the use of this

method except in initial stages of development while
proving the efficacy of a new chemical entity
 FDA considers this approach only when analytical methods

are not available
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In-Vitro Studies
 If a correlation between some physicochemical property of a

dosage form and the biological availability of the drug from
that dosage form (in-vitro/in-vivo correlation) could be
established
it would be possible to use in-vitro data to predict a drug’s in-

vivo bioavailability
possible if in-vitro tests could reliably and accurately predict

drug absorption and reflect the in-vivo performance of a
drug in humans
o
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In-vitro–in-vivo correlation
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In-Vitro Studies.…
 Formulation that demonstrates most rapid rate of drug

dissolution in vitro have most rapid rate of drug
bioavailability in vivo
 For highly permeable, rapidly dissolving, and orally

administered drug products, using an in vitro approach
(dissolution studies) is appropriate
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In-Vitro Studies.…
Advantages
Reduce, or in some cases, completely eliminate the need

for bioavailability tests
Reduce cost and time
Solve safety issues
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In-Vitro Studies.…
Disadvantage
 Problems which make correlation with in- vivo availability
difficult:


Instrument variance
Difference between the in-vitro and in-vivo environments in

which dissolution occurs
Factors such as drug-drug interactions, age, food effects,

health, physical activity,..
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Make in-vivo environment far more complex, variable, and
unpredictable
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In vitro-in vivo correlation (IVIVC)
 Refers to a predictive relationship of the in vitro properties of drug

substances or dosage forms with their in vivo performance
 For orally administered drug products, it is usually a correlation

between the extent or rate of dissolution of a dosage
form and its pharmacokinetic parameters, such as
rate, duration, and extent of drug absorption
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In vitro-in vivo correlation (IVIVC),…
 The correlation established may be categorized into Levels

A, B, and C
 Level A IVIVC
IVIVC is generally linear and represents a point-to-point

relationship between in vitro dissolution rate and in vivo input rate
(e.g., the in vivo dissolution rate of the drug from the dosage
form)
A Level A relationship may generate predictable plasma

profile, including Cmax, AUC,Tmax, shape of profile and
elimination half-life
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In vitro and in vivo correlation…
 Level B IVIVC

the mean in vitro dissolution time is compared to the

mean dissolution time in the gastrointestinal fluid
the entire plasma concentration profile cannot be

predicted
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In vitro and in vivo correlation…
 Level C IVIVC

establishes a single point relationship between a

dissolution parameter and a pharmacokinetic parameter
it does not reflect the complete shape of the plasma

concentration versus time curve
example of a Level C IVIVC is the establishment of the

correlation between amount of drug released at a certain
time point and Cmax
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Absolute and Relative Bioavailability
 Absolute bioavailability (F)
 Absolute bioavailability is fraction of administered dose which

actually reaches systemic circulation
 F is determined by comparing the respective AUCs of the test

product and the same dose of drug administered IV
 F ranges from F = 0 (no drug absorption) to F = 1 (complete

absorption)
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Absolute and Relative…
 IV is reference standard as dose is completely available,

F=1

 Absolute bioavailability of drug is systemic availability

of drug after extravascular administration (e.g., oral,
rectal, transdermal, subcutaneous) compared to IV dose
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Absolute and Relative…
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Absolute and Relative…
Practice example
 If the AUC for an oral dose of a drug administered by tablet is

4.5 mg.hr/ml, and the intravenous dose is 11.2 mg.hr/ml,
calculate the bioavailability of the oral dose of the drug?
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Absolute and Relative…
 Relative bioavailability
 "Relative" or “Comparative” or “Apparent” bioavailability

refers to availability of drug product as compared to
recognized Standard
 The relative bioavailability of product A compared to product B,

both products containing the same dose of the same drug, is

obtained by comparing their respective AUCs
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Absolute and Relative…

 Where drug product B is reference/recognized standard
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Absolute and Relative…


Practice examples
 Assume that an intravenous injection (Product A) and two oral dosage
forms (Product B and Product C), all containing the same dose of the same
drug, are given to a group of subjects in a crossover study. Suppose each
product gave the values for AUC indicated in the Table below:

57

Drug Product

AUC (mcg/ml) x hr

A

100

Intravenous injection

B Oral dosage form, brand or reference
standard

50

C Oral dosage form, generic Product

40

Q. Calculate absolute Bioavailability for the oral dosage forms and
relative bioavailability of Product C as compared to Product B
BT
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Bioequivalence

58

BT

4/27/2020

Bioequivalence…
 Drugs are marketed from different sources:
Patented drug product (innovator or brand

product): produced by the first manufacturer who
has got a patent
Generic drug product: produced by different

manufacturer after the period of patent for the
innovator brand has ended
Generic products are cheaper
59
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Bioequivalence…
 Generic products to receive approval, the manufacturer

generally must establish that its product is therapeutically
equivalent with the innovator product
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Bioequivalence…
 Equivalence: Relationship

in terms of bioavailability,
therapeutic response, or a set of established standards of one
drug product to another

 Bioequivalence is defined as: the absence of a significant

difference in the rate and extent of absorption of test
and standard dosage forms containing equal doses of the
same drug
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Bioequivalence…
 ‘Two pharmaceutical products are considered to be

equivalent when their concentration vs. time profiles, from
the same molar dose, are so similar that they are unlikely to
produce clinically relevant differences in therapeutic
and/or adverse effects.’
 Following parameters:
 Maximum plasma concentration (C max)
 Time to peak height concentration (Tmax)

 Area under the plasma concentration-time curve (AUC)
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Bioequivalence…
 Bioequivalence is actually the comparison of the

bioavailability of two drug products

Fig. Mean concentration–time curves for two products of a drug after single oral doses
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Bioequivalence…
 Only those products that have been proven to be

bioequivalent should be used interchangeably

 On scientific grounds there is no reason to be concerned

about substituting a generic product for a branded product
that is flagged as being bioequivalent

 Products that are not bioequivalent should not be

substituted for each other

 Switching inequivalent products may lead to lower or higher

blood concentrations of a drug in a patient

 This may increase the risk of therapeutic failure or drug-

related toxicity
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Bioequivalence…
 Pharmaceutically equivalent:
 Drug products that contain the same active ingredient(s),

(i.e, the same salt or ester) in the same dosage form, use
the same route of administration, and are identical in

strength or concentration
 But may differ in characteristics such as shape, release

mechanisms, packaging, excipients (including colors, flavors,

preservatives), expiration time, and, within certain limits,
labeling
65
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Bioequivalence…
Which of the following three tablet formulations are pharmaceutically equivalent?

Ingredient
Acetaminophen
Aspirin
Lactose
Avicel
Starch
Avicel
Mg stearate
Gelatin
66
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Function
Tablet A Tablet B
Drug
300 mg
Drug
300 mg
Filler
100 mg 100 mg
Filler
Disintegrant 50 mg
50 mg
Disintegrant
Lubricant
2 mg
2 mg
Binder
10 mg
10 mg

Tablet C
300 mg
100 mg
50 mg
2 mg
10 mg
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Bioequivalence…
 Formulations A and B contain identical quantities of the same

inert ingredients, but different active ingredient
 Not pharmaceutical equivalent

 Formulations B and C contain different excipients and active

ingredients
 Not pharmaceutical equivalent

 Formulations A and C contain different excipients, but same

active ingredient
 Pharmaceutical equivalent
67
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Bioequivalence…
 Pharmaceutical Equivalence does not necessarily imply

bioequivalence. Why? b/s :
 Excipients and/or the manufacturing process can lead to

faster or slower dissolution and/or absorption
• They may differ in release mechanisms
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Bioequivalence…
 Pharmaceutical alternatives: drug products that contain the

same therapeutic moiety but are different salts, esters, or
complexes of that moiety, or are different dosage forms or
strengths
 E.g

TTC hydrochloride, 250mg capsules
TTC phosphate, 250mg capsules
Quinidine sulfate, 200mg tablets
Quinidine sulfate, 200mg capsules
69
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Bioequivalence…
Example 2: Which of the following five formulations are
pharmaceutical alternatives?

70

Ingredient

Tablet A Tablet B

Capsule
C

Capsule
D

Suspension
E

Ibuprofen

200 mg

-

-

-

200 mg

Aspirin

-

-

300 mg

-

-

Acetaminophen

-

250mg

-

250 mg

-
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Bioequivalence…
 Products A, B, and C; A,C, and D; B, C, and E; and C, D, and E

contain different drug entities
 Therefore neither pharmaceutical equivalents not pharmaceutical

alternatives
 Products A and E contain the same active ingredient in the

same amount
 Pharmaceutical alternatives

 Products B and D contain the same active ingredient in the

same amount
 Pharmaceutical alternatives
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Bioequivalence…
Therapeutic equivalents:
 Drug products are considered to be therapeutic equivalents only

if :
 They are pharmaceutical equivalents and bioequivalent
 Pharmaceutical equivalence + bioequivalence = therapeutic

equivalence
 A generic drug product that is therapeutically equivalent may be

substituted for the innovator product (Generic substitution)
72

BT

4/27/2020

Bioequivalence…
 Assume
 A drug substance is manufactured in a tablet and capsule dosage

form containing the same active ingredient
 The two dosage forms provide the same extent and rate of drug

absorption
 Is it possible to consider the two dosage forms therapeutically

equivalent?
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Bioequivalence…
 The distinction between bioequivalence and therapeutic

equivalence is significant in that a tablet and a capsule
dosage form containing the same active ingredient can
(sometimes do) provide the same extent and rate of drug

absorption and thus could be considered bioequivalent but
these two products are not therapeutically equivalent
because they are different dosage forms
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Bioequivalence…
 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 expected to have the same therapeutic effect when
administered to patients for such condition of use
e.g:- Ibuprofen vs.Aspirin; Cimetidine vs. Ranitidine.
75
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Bioequivalence studies
 The significance of BE studies is that when two

pharmaceutically equivalent products are shown to be
bioequivalent, the two products are judged to be
therapeutically equivalent
 Therapeutically equivalent products are expected to

have the same safety and efficacy profiles, when
administered under the conditions listed in the product
labeling
76
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Bioequivalence studies…
 This is the basis for the approval and use of generic drug

products
 Bioequivalence studies requires determination of relative

bioavailability after administration of a single dose of test
and reference formulations by the same route, in equal
doses, but at different times
 The reference product is generally a previously approved product,

usually innovator’s product or some suitable reference standard
77
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Bioequivalence studies…
 Bioequivalence studies are conducted:
When a generic formulation is tested against an

innovator brand
Where a proposed dosage form is different from that

used in a pivotal clinical trial
When

significant

changes

are

made

in

the

manufacture of the marketed formulation
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Bioequivalence studies…
Subjects
 The typical number of subjects is 24–36 with the minimum

number of subjects in the study being 12
 Healthy subjects are recommended for BE studies for many

reasons:
 Other drugs the patients may be taking, physiological

changes, etc. may modify drug absorption pattern
79
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Bioequivalence studies…
 Strict study conditions such as fasting state are difficult for

patients
 Patients require continuous treatment that does not allow

for a washout period
 Patients are generally used only when drug is not safe to

administer in healthy subjects
 20-50 years of age and 120-200 lb of body weight
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Bioequivalence studies…
 Males are preferred
 Menstrual cycle, pregnancy, lactation and menopause

stages may affect blood level profiles of drug
• Females

are included

taking these

points into

consideration
 Subjects are distributed randomly to different groups to

achieve uniform distribution with respect to age, sex, and
body weight to avoid bias
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Bioequivalence studies…
 Study design
 Parallel Design and Cross-over Design
 Parallel Design
 Subjects are divided randomly into groups, each group

receiving only one treatment (take either the test or the

reference product)
 Two formulations are administered to two groups of

volunteers
82
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Bioequivalence studies…
Parallel Design…..
 Separate groups of subjects receive the test and reference

products
 Formulations are administered randomly to volunteers to

avoid bias
 Recommended when the half life of the drug is so long (b/s

each subject take only one treatment only once: no washout
period, no carryover effect)
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Bioequivalence studies…
Parallel Design…
 Disadvantage:
Inter-subject variation isn’t addressed
Require larger numbers of subjects
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Bioequivalence studies
Cross-over Design
 Each subject receives two or more

different

treatments on successive occasions
Minimizes inter-subject variability
 Each subject serves as his own control (i.e., we can

compare T to R on each subject)
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Waivers of In-Vivo Bioequivalence
Studies (Biowaivers)
 A Biowaiver means that in vivo bioavailability and/or

bioequivalence studies may be waived
 Instead of conducting expensive and time consuming in vivo

studies, a dissolution test could be adopted as the surrogate

basis for the decision as to whether the two pharmaceutical
products are equivalent

86

BT

4/27/2020

Waivers of In-Vivo...
 For some drug products, there is sufficient understanding of

the physicochemical properties and biological factors that
affect BA that there is no need for in vivo BE studies
 in-vitro dissolution testing may be used in lieu of in-vivo

bioequivalence studies
 Sponsors may request waivers of BE studies (biowaivers) for

solutions, products with a range of strengths, and
biopharmaceutical classification system (BCS) Class I drugs
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Waivers of In-Vivo...
 Solutions: In vivo BA/BE is self-evident for certain drug

products, such as topical solutions, solution nasal spray, oral
solutions, elixirs, syrups, tinctures, or other solubilized forms
of the drug
 In vivo BA/BE can be waived, assuming that release of the

drug substance from the drug product is self-evident and
that the solutions do not contain any excipient that
significantly affects drug absorption
88
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Waivers of In-Vivo...
 Lower Strengths: Waiver of in vivo studies for different

strengths of a drug product can be granted when:
 The drug product is in the same dosage form, but in a

different strength (e.g., a tablet of 100mg, 50mg, 25mg)
 This different strength is proportionally similar in its active

and inactive ingredients to the strength of the product for
which the same manufacturer has conducted an
appropriate in vivo study; and
89
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Waivers of In-Vivo...
 The new strength meets an appropriate in vitro

dissolution test
 E.g. Immediate-release tablet available in 200mg, 100mg

and 50mg strengths
 100mg and 50mg tablets are made in same way as

200mg
 Human bioequivalence study is performed on highest

or 200mg strength
 Comparative in-vitro dissolution studies are performed

on 100-mg and 50-mg dose strengths and meet
requirements
90
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Waivers of In-Vivo...
 If products have no known bioavailability problems, are well

absorbed systemically, are well correlated with in-vitro
dissolution, and have large margin of safety
 Manufacturer

needn’t

perform

additional

in-vivo

bioequivalence studies on lower-strength products if they
meet all in-vitro criteria
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Biopharmaceutical Classification
System (BCS)
 A scientific framework that predicts the in vivo absorption of

drugs from aqueous solubility and intestinal permeability

data
 A drug substance is considered highly soluble when the

highest dose strength is soluble in 250 ml or less of aqueous
media over the pH range of 1.0–7.5


Otherwise, the drug substance is considered poorly

soluble
92
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Biopharmaceutical Classification…
(The volume estimate of 250 ml is derived from the

minimum volume anticipated in the stomach when a dosage
form is taken in the fasted state with a glass of water
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Biopharmaceutical Classification…
 A drug substance is considered to be highly permeable when

gastrointestinal absorption in humans is determined to be
90% or more of an administered dose
 Otherwise, the drug substance is considered to be poorly

permeable
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Biopharmaceutical Classification…
 According to BCS, drug substances are classified as:
 Class I: High Solubility – High Permeability E.g. verapamil,

propranolol, Metoprolol
 Class II: Low Solubility – High Permeability E.g. Ketoprofen,

naproxen, glibenclamide
 Class III: High Solubility – Low Permeability E.g. Cimetidine,

ranitidine, atenolol
 Class

IV:

Low

Solubility

–

Low

Permeability

E.g.

Hydrochlorothiazide, furosemide
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Biopharmaceutical Classification…
Table: Biopharmaceutical Classification System
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Biopharmaceutical Classification…
Limitation of this classification method
 This approach assumes that no other components in the

formulation affect the membrane permeability and/or
intestinal transport.
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Quiz 3
1. Describe the difference between bioavailability and
bioequivalence
2. Distinguish the two types of bioavailability (absolute,

relative)
3. Describe the design for bioequivalence studies
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