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Bioequivalence is a vital concern in drug development even more significant in the case of Narrow Thera-
peutic Index (NTI) drugs. In clinical development of New Chemical Entities (NCE), bioequivalence studies
necessitate to be performed when the formulation of the pharmaceutical dosage form has been changed.
In vivo pharmacokinetic data can be used as surrogate parameters for in vivo solubility and permeabil-
ity data. The Biopharmaceutics Classification System (BCS) has emerged as a helpful tool in product
development by alluding to the in vivo performance of the active substance. The bio-relevance of the
BCS properties and the in vitro release are best expressed through a correlation between in vitro and
in vivo data. Recently BCS has been implemented for waiving bioequivalence studies on the basis of the
solubility and gastrointestinal permeability of drug substance and can be strategically deployed to save
time and resources during generic drug development. The BCS has been adopted as a very useful tool for
in vivo drug design and development worldwide, particularly in terms of regulatory standards. A BCS-based

biowaiver has become an important and cost-saving tool in approval of generic drugs.

1. Introduction

Bioavailability (BA)/bioequivalence (BE) parameters are gen-
erally required for approval of new and generic drugs.
Bioequivalence based on plasma drug concentration has became
the most frequently used and successful biomarker of safety and
efficacy of a drug. According to the FDA’s regulations (codi-
fied in Title 21 of the Code of Federal Regulations, 21 CFR)
bioavailability is defined as the rate and extent to which the
active ingredient is absorbed from a drug product and becomes
available at the site of action. For drug products that are not
intended to be absorbed into the bloodstream, bioavailability
may be assessed by measurements intended to reflect the rate and
extent to which the active ingredient or active moiety becomes
available at the site of action and bioequivalence can be defined
as the absence of a significant difference in the rate and extent
to which the active ingredient in pharmaceutical equivalents or
pharmaceutical alternatives becomes available at the site of drug
action when administrated at the same molar dose under similar
conditions in a properly designed study. A generally accepted
practical definition of bioavailability is understood to be the
extent and the rate at which a drug is delivered from a phar-
maceutical dosage form and becomes available in the general
circulation (FDA 2000a). BE studies verify that the active ingre-
dient will be absorbed in the body to the same rate and extent as
the innovator drug and support products being considered ther-
apeutically equivalent and interchangeable with the innovator
drug. Two oral dosage forms are considered to be bioequivalent
if both rate and extent of absorption are the same.

From a pharmacokinetic (PK) point of view, BA data present
an estimate of the fraction of the orally administered dose that
is absorbed into the systemic circulation when compared to the
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BA data for a solution, suspension, or intravenous dosage form.
However, BA studies can provide information related to dis-
tribution, elimination, the effects of nutrients on absorption of
the drug substance, dose proportionality, and linearity in PK of
the active or inactive moieties. BA data may also provide infor-
mation about the properties of a drug substance prior to entry
into the systemic circulation, such as permeability and the influ-
ence of pre-systemic metabolism and p-glycoprotein or other
transporters.

BA for orally administered drug products may be documented
by developing a systemic exposure profile obtained by measur-
ing the concentration of active or inactive moieties over time
in samples collected from the systemic circulation. BA studies
conducted early in the Investigational New Drug (IND) period
provide useful information related to formulation development,
the rate and extent of absorption, PK, and pharmacodynamics
(PD) of the investigational drug and its metabolites (Dressman
et al. 2001).

2. Biopharmaceutics Classification System

Guidance of Food and Drug Administration/Center for Drug
Evaluation and Research (FDA/CDER) for BA and BE out-
lines methods for classifying drugs and immediate release
solid oral drug products according to permeability, solubility
and dissolution properties based upon the Biopharmaceutics
Classification System (BCS). In an effort to speed up the
drug regulatory process, the FDA has provided guidance in
the form of the BCS with which to identify expendable
clinical bioequivalence tests (FDA 2000b). BCS forms a sci-
entific framework for classifying a drug substance based on
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its aqueous solubility and intestinal permeability (Amidon
etal. 1995). Classifying drugs according to the BCS has resulted
in an improved Scale-Up and Post Approval Changes (SUPAC)
guidance, a dissolution guidance, and an FDA guidance on
waiver of in vivo bioequivalence studies for BCS Class I drugs
in rapid dissolution immediate-release (IR) solid oral dosage
forms (FDA 2000c¢).

The FDA promoted the BCS as a scientific approach to per-
mit waiver of in vivo BA and BE testing for immediate release
solid dosage forms for Class 1 compounds (highly soluble and
highly permeable drugs), when such drug products also exhibit
rapid dissolution. In brief, bioequivalence is achieved if the
generic product shows the same rate and extent of bioavailabil-
ity with rate evaluated in terms of Cp,x and extent measured
in terms of AUC. The criteria include a 90% confidence inter-
val around point estimates of the ratios of Cp,x and AUC,
test/reference, falling within 0.8-1.25 on a log normal distri-
bution (FDA 2000c).

BCS has been developed to provide a scientific approach to allow
for the prediction of in vivo pharmacokinetics of oral IR drug
products by classifying drug compounds based on their solu-
bility related to dose and intestinal permeability in combination
with the dissolution properties of the dosage form (Amidon et al.
1995; Yu et al. 2002). BCS forms a general approach which is
based on the fact that in vivo dissolution differences in the gas-
trointestinal tract are a primary reason for observed differences
in bioavailability of two IR solid oral dosage forms containing
the same drug substance (Amidon et al. 1995).

The classification framework of the BCS is believed to be useful
in the earliest stages of drug discovery research. Its applica-
tions improve the prediction of oral absorption and disposition
of new molecular entities. In addition, the BCS has proven to
be an asset to the FDA by creating a framework for which to
allow a waiver of in vivo bioequivalence studies for a limited
number of suitable Class 1 compounds. Thus BCS has been
developed primarily for regulatory applications, but it has also
several other applications in both the preclinical and clinical
drug development processes and has gained ample recognition
within the research-based industry (Yu et al. 2002; Polli et al.
2004; Lennernids and Abrahamsson 2005). So the intend of the
BCS is to provide aregulatory tool for the replacement of certain
BE studies by conducting precise in vitro dissolution tests.

3. Experimental approaches for classification of a drug

The following experimental approaches are suggested for clas-
sifying a drug according to the BCS.

3.1. Determination of solubility class

The purpose of the BCS approach is to determine the equilibrium
solubility of a drug under estimated physiological conditions.
For this purpose, determination of pH solubility profiles over a
pH range of 1-8 is suggested. Buffers that react with the drug
should not be used. The solubility class is determined by calcu-
lating what volume of an aqueous media is sufficient to dissolve
the highest probable dose strength. A drug is considered highly
soluble when the highest dose strength is soluble in 250 mL or
less of water over the pH range of 1-8.

The volume estimate of 250 mL is derived from typical bio-
equivalence study protocols that prescribe administration of a
drug product to fasting human volunteers with a glass (about
8 ounces) of water which is the minimum volume anticipated in
the stomach at the time of drug administration during the study
protocols.
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Yu et al. (2004) described that Disk Intrinsic Dissolution Rate
(DIDR) method which generally correlated with the BCS solu-
bility classification with 0.1 mg/min/cm? as a class boundary
unless the dose was either extremely low or high where a
discrepancy may exist between the solubility and DIDR meth-
ods. The variables in producing the drug disk, i.e. compression
pressure, dissolution medium volume, and die position had no
significant effect on DIDR, demonstrating the robustness of the
intrinsic dissolution methodology. It should be noted that dose
is considered in the classification of solubility while intrinsic
dissolution does not consider the effect of dose. Thus, when
the dose is either extremely high or extremely low, a discrep-
ancy between the current solubility classification and the DIDR
may occur. For example, a compound with the solubility of
1 pg/mL may be classified as a high solubility compound if
the dose is 0.25 mg or less based on the solubility classifica-
tion while it is likely classified a low solubility compound if
directly based on DIDR. On the other hand, a compound with
the solubility of 4 mg/mL may be classified as a low solubility
compound if the dose is 1000 mg or more based on the solu-
bility classification while it is likely classified a high solubility
compound if directly based on DIDR. Further, when the dose is
extremely high, the in vivo absorption may be solubility limited
(Yu 1999).

3.2. Determination of permeability class

The research carried out to constitute the BCS has provided new
quantitative data of great importance for modern drug develop-
ment especially within the area of drug permeability (Lennernis
1998).

A drug substance is considered highly permeable when the
extent of absorption in humans is determined to be more than
90% of an administered dose based on a mass balance determi-
nation, or in comparison to an intravenous reference dose in the
absence of evidence suggesting instability in the gastrointestinal
tract. An IR drug product is considered rapidly dissolving when
not less than 85% of the label amount of the drug substance
dissolves within 30 min using the USP Apparatus I at 100 rpm
(or Apparatus II at 50rpm) in a volume of 900 mL, or less,
(1) in each of Simulated Gastric Fluid USP without enzymes;
(2) a buffer (pH 4.5); and (3) Simulated Intestinal Fluid USP
without enzymes.

For the determination of the permeability of a drug from the
gastro-intestinal tract various methods can be used: (1) in vivo
intestinal perfusion studies in humans; (2) in vivo or in situ
intestinal perfusion studies in animals; (3) in vitro permeation
experiments using excised human or animal intestinal tissues;
and (4) in vitro permeation experiments across a monolayer of
cultured human intestinal cells.

The permeability classification is based directly on the extent
of intestinal absorption of a drug substance in humans or indi-
rectly on the measurements of the rate of mass transfer across the
human intestinal membrane. Animal or in vitro models capable
of predicting the extent of intestinal absorption in humans may
be used as alternatives, for example, in situ rat perfusion mod-
els and in vitro epithelial cell culture models. A drug substance
is considered highly permeable when the extent of intestinal
absorption is 90% or higher. Of the several in vitro models devel-
oped for studying intestinal absorption, the Caco-2 human colon
carcinoma cell line has been widely utilized in the in vitro model
system for evaluating the rate of intestinal drug absorption. The
results showed that in vitro Caco-2 permeability is related to
in vivo human intestinal absorption for the model drugs, and
this relationship provides a means to distinguish between high-
and low-permeability drug substances (Hilgers et al. 1990;
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Table 1: Suggested model drugs

Table 2: Classification of drugs as per BCS

Permeability class Drugs Feature Class Features Examples
High Theophylline, - I High permeability. Paracetamol, metoprolol,
caffieine, ketoprophen, High solubility theophylline
naiproxen, I High permeability. Atovaquone, carbamazepine,
High Antipyrine, metoprolol Internal standard Low solubility danazol, glibenclamide,
as) griseofulvin, ketoconazole,
High Verapamil Efflux pump troglitazone
substrate (ES) I Low permeability. Acyclovir, atenolol,
Low Furosemide, - High solubility cimetidine, ranitidine

amoxicillin, ranitidine,
atenolol, polyethylene

glycol (400)
Low Mannitol Internal standard
as)
Low Polyethylene glycol Zero permeability
(4000) marker

Wilson et al. 1990; Artursson 1990; Artursson and Karlsson
1991; Yee 1997).

Typical means of assessing permeability in clinical studies
include determination of mass balance, systemic (absolute) BA,
or intestinal perfusion (Sun et al. 2004; Pelkonen et al. 2001;
Lennernas et al. 1997). Nonclinical methods include in vivo or
in situ intestinal perfusion studies in a suitable animal model
(e.g., rats), or in vitro permeability methods using excised
intestinal tissues or monolayers of suitable epithelial cells. The
suitability of a given permeability method should be established
whereby a rank-order relationship exists between the test per-
meability values and the extent of drug absorption data in human
subjects using a sufficient number of model drugs. For human
intestinal perfusion studies, six model drugs are recommended.
For in vivo or in situ intestinal perfusion studies in animals and
for in vitro cell culture methods, twenty model drugs are rec-
ommended (Artursson and Karlsson 1991; Tamura et al. 2003;
Han et al. 1998; Walter et al. 1996; Hidalgo et al. 1989).
Careful selection of a high permeability internal standard may
simplify the classification of a test drug. A low permeability
internal standard is suggested to ensure intestinal membrane
integrity. The permeability values of the two internal standards
can be used to verify reproducibility of the experimental method.
The internal standards should be compatible with the drug
being evaluated i.e., they should exhibit no physical or chemical
interactions. Model drugs and chemicals suggested for use in
establishing suitability of a permeability method are included
in Table 1. The permeability of these compounds is determined
based on data available to the FDA. Potential internal standards
(IS) and efflux pump substrates (ES) are also identified.

Yang et al. (2007) determined the permeability and solubility
of seven (3-blockers (acebutolol, atenolol, labetalol, metopro-
lol, nadolol, sotalol, and timolol) and classified them according
to the BCS. Apparent permeability coefficients (P,p,) were
measured using the Caco-2 cell line, and the solubility was deter-
mined at 37 °C over a pH range of 1.0-7.5. On the basis of the
in vitro permeability and solubility data labetolol, sotalol, meto-
prolol, and timolol were categorized as BCS Class I drugs,
whereas acebutolol, atenolol, and nadolol belonged to BCS
Class II1.

4. Ideology of the Biopharmaceutics Classification
System

The concept behind the BCS is that if two drug products yield the
same concentration profile along the gastrointestinal (GI) tract,
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v Low permeability. Chlorothiazide, furosemide

Low solubility

they will result in the same plasma profile after oral admin-
istration. This concept can be summarized by the following
equation:

J=P,Cy ey

where J is the flux across the gut wall, Py, is the permeability of
the gut wall to the drug, and C,, is the concentration profile at
the gut wall.

In terms of bioequivalence, it is assumed that highly perme-
able and highly soluble drugs enclosed in rapidly dissolving
drug products will be bioequivalent and if no major changes are
made to the formulation, dissolution data can be used as a sur-
rogate for pharmacokinetic data to reveal bioequivalence of two
drug products. The BCS, thus enables manufacturers to reduce
the costs of approving Scale-Up and Post Approval Changes
(SUPAC) to certain oral drug products (rapidly dissolving prod-
ucts of Class I drugs; Table 2) without compromising public
safety interests (Dressman et al. 2001). In the BCS, the empha-
sis is sited on what happens with the formulation in the GI tract.
The dose, dissolution and absorption number are estimated on
the basis of Fick’s first law to evaluate the solubility, dissolution
and absorption of the drug respectively.

The main assumption in the BCS is that, if the fraction of the
dose absorbed is same, the human body should always do the
same with the absorbed compound (i.e. distribution and elimi-
nation will not be changed). When a drug exhibits dose linearity
i.e. a linear relation between AUC and /or C,,, with the dose and
a reasonably fast dissolution profile, it can be stated that these
compounds do not cause problems with respect to absorption.
This approach is based on actual measurements of the amount
of drug which has actually reached the systemic circulation. It
should be noted that the standard pharmacokinetic data used
for this approach represent the performance of one particular
type of formulation. Alternative formulations can only be bio-
pharmaceutically similar when the rate and extent of release
of the drug substance from this formulation is equal. Compar-
ison of two different formulations should be done on the basis
of dissolution testing, which is basically the same as per the
BCS approach. Hence, in vivo pharmacokinetic data can be used
as surrogate parameters for in vivo solubility and permeability
profile.

The BCS recommends a class of immediate-release (IR) solid
oral dosage forms for which bioequivalence may be assessed
based on in vitro dissolution tests. It can be used to justify a
biowaiver based on the fact that observed differences in the
bioavailability of two such IR products containing the same drug
result primarily from in vivo dissolution differences in the GI
tract (FDA 2000c). Thus briefly in the BCS, a drug is classi-
fied as belonging to (1) high or low solubility class, (2) a high
or low permeability class, and (3) an immediate release dosage
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Table 3: Relation between class of drug and routes of drug
elimination and effect of food

BCS class Routes of drug elimination Effect of food

Class I Undergo metabolism  Extent- No
Transporter effects change
minimal Thax -Increase

Class II Undergo metabolism  Extent- Increase
Efflux transporter Thax - ?
effects predominate

Class 11T Mostly unchanged Extent-
drug in urine/bile Decrease
Absorptive transporter Ty, - Increase
effects predominate

Class IV Mostly unchanged

drug in urine/bile

Absorptive and efflux ~ Extent- ?
transporters Tmax - ?
predominate

form is categorized as belonging to a rapid or slow dissolving
class (Amidon et al. 1995). Classification of drugs is given in
Table 2. All poorly water soluble drugs are classed as BCS II
or IV. The BCS-defined class boundaries for drug substances
can be summarized as:

e Rapidly dissolving — >85% of labeled amount of drug
dissolves within 30 min in vitro.

e Highly soluble — highest dose strength soluble in <250 mL
water at pH range 1-7.5.

e Highly permeable — absorption in humans >90% of an
administered dose.

Poorly-soluble marketed drugs are clearly good candidates
for reformulation using the emerging range of differ-
ent technologies available to target the issues (Dimond
2005).

Another merit of the BCS in a development context is that
it provides very clear and easily applied rules in determining
the rate-limiting factor in the gastrointestinal drug absorption
process. Therefore, the BCS framework can be used in the
selection of candidate drugs for full development, route of
drug elimination, predictions as well as elucidations of food
interactions (Table 3) (Wu and Benet 2005) and choice of
formulation principle, including suitability for oral extended
release (ER) administration and the possibility of defining

in vitro - in vivo correlations (IVIVCs) from dissolution test-
ing of solid formulations (Polli et al. 2004; Fleisher et al.
1999).

Thus the need for a tool to reliably correlate in vitro and
in vivo drug release data has remarkably increased. Such a tool
shortens the drug development period, economizes the resources
and leads to improved product quality. The BCS works as a
drug developmental tool that allows estimation of the con-
tribution of three fundamental factors including dissolution,
solubility and intestinal permeability, which govern the rate and
extent of drug absorption from solid oral dosage forms (Amidon
et al. 1995). BCS forms a fundamental guideline for deter-
mining the conditions under which IVIVCs are expected and
also used as a tool for developing the in vitro dissolution
specification.

The classification is dealing with drug dissolution and absorp-
tion model, which considers the key parameters controlling drug
dissolution and absorption as a set of dimensionless numbers:
the absorption number, the dissolution number, and the dose
number (Amidon et al. 1995; Dressman et al. 1998).
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Table 4: Relation between class of drug and IVIVC

BCS class Absorption rate control In vitro-in vivo (IVIV) correlation

If dissolution rate is slower
than gastric emptying rate
then IVIVC is possible

If dose is very high and in
vitro dissolution rate is
similar to in vivo dissolution
rate then IVIVC is possible
Absorption (permeability) is
rate determining step so
limited or no IVIVC is
possible with dissolution
Limited or no IVIVC is
possible

| Gastric
emptying

1 Dissolution

I Permeability

v Case to case

4.1. Absorption number (A,)

The absorption number (A,;) is the ratio of the mean residence
time (Tie) to the mean absorption time (Typs).

Ay = Tres/Taps = (7 R'L/Q)/(R/P o1r) )

4.2. Dissolution number (D,,)

The dissolution number (D,,) is the ratio of T to mean disso-
lution time (T gigs).

D, = Tres/Taiss = (r R’L/Q)/(p 13/3 DCI'™) 3)

4.3. Dose number (D,)

The dose number (D,) is calculated using equation:
D, = Dose/(V, x C™M) @)

where L=tube length, R=tube radius, w=3.14, Q=fluid
flow rate, r,=initial particleradius, D =particle acceleration,
p =particle density, P.g = effective permeability, V, =the initial
gastric volume and C,™" = minimum aqueous solubility in the
physiological pH range of 1-8.

BCS in conjunction with the numerous compendial and phys-
iological media available could be employed as a fundamental
guidance for designing appropriate biorelevant dissolution con-
ditions leading to a more meaningful prediction of in vivo
performances. The purpose of in vitro dissolution studies in the
drug development process is to assess the lot to lot quality of
a drug product, guide development of new formulations; and
ensure continuing product quality and performance after certain
changes, such as changes in the formulation, the manufactur-
ing process, the site of manufacture, and the scale-up of the
manufacturing process (FDA 1997a).

However, from the standpoint of in vitro-in vivo correlation
(IVIVCQ), dissolution serves as a surrogate for drug bioavailabil-
ity. Thus more rigorous dissolution standards may be necessary
for the in vivo waiver (Dressman and Reppas 2000). So for
the IVIVC purposes, the dissolution profiles of at least twelve
individual dosage units from each lot should be determined
(Table 4). The goal behind it is to develop product specifica-
tions that will ensure bioequivalence of future batches prepared
within the limits of acceptable dissolution specifications (FDA
1997a).
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5. Biowaivers

Before 1995 in vitro dissolution tests were used as a quality
control tool to ensure batch-to-batch uniformity of formulations.
In vitro dissolution tests could be used to waive in vivo BE tests.
If the drug has high permeability and low solubility (BCS II)
or modified-release formulation is used, dissolution rate may
control drug absorption thus dissolution tests together with level
ATIVIVC model can be used as a surrogate for in vivo BE studies
(FDA 1997b; Uppoor 2001).

In some situations (e.g. BCS Class 1 drugs) a bioequivalence
study in human subjects may be replaced by in vitro dissolution
testing. Alternatively sponsors may want to rely on bioequiva-
lence data generated overseas where it is not known whether the
formulations under these studies are based on are the same as the
formulations proposed to be marketed. When such a waiver for
not providing clinical data or justification for utilizing overseas
bioequivalence data is allowed by regulatory authorities this is
referred to as a “biowaiver”. The FDA guidance outlines (FDA
2000c) five categories of biowaivers:

1) Biowaivers without an IVIVC,

2) Biowaivers using an IVIVC: non-narrow therapeutic index
drugs,

3) Biowaivers using an IVIVC: narrow therapeutic index drugs,

4) Biowaivers when in vitro dissolution is independent of dis-
solution test conditions,

5) Situations for which an IVIVC is not recommended for
biowaivers.

Biowaivers may be granted for manufacturing site changes,
equipment changes, manufacturing process changes, and for-
mulation composition changes according to a predictive and
reliable IVIVC. The changes may range from minor changes
that are not significant to alter product performance to major
ones where an IVIVC is not sufficient to justify the change for
regulatory decision (Uppoor 2001).

6. A Waiver of In vivo BA/BE studies

For the grant of a waiver the drug substance should be highly
soluble, highly permeable and rapidly dissolving. For waiver of
an in vivo BA study, dissolution should be greater than 85%
in 30 minutes in the three recommended dissolution media and
test as well as reference products should exhibit similar disso-
lution profiles under the dissolution test conditions as defined
for rapidly dissolving products. When requesting a waiver for
in vivo BA/BE studies for IR solid oral dosage forms, one should
consider the following aspects:

6.1. Instability in the GI tract

Stability in gastrointestinal fluids can be documented by (1) pH-
stability profiles in the pH range of 1-8 and (2) stability in gastric
and intestinal fluids obtained from human subjects or animals.
Drug solutions in these fluids can be incubated at 37 °C for about
three hours and analyzed using a validated stability indicating
assay. Significant degradation or loss (>5%) of a drug in about
three hours could suggest potential instability.

6.2. Evaluation of excipients

The BCS biowaiver for in vivo bioavailability and bioequiva-
lence studies requires excipients to be in a dosage form should
have been used previously in FDA approved IR solid dosage
forms and should have a wide therapeutic window and showing
rapid and similar dissolution, high solubility and high perme-
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ability. The quantity of excipients in the IR product should be
consistent with their intended function. Excipients can some-
times affect the rate and extent of drug absorption. When new
excipients, or atypically large amounts of commonly used excip-
ients, are used in an IR dosage form, additional information
regarding the absence of an impact on bioavailability should be
documented. Such information can be supplied via a relative
bioavailability study using a simple aqueous solution as the ref-
erence product. Large quantities of certain excipients, such as
surfactants like sodium lauryl sulfate, may be problematic. A
request for biowaiver based on the BCS should include a list
of all excipients used in the products, the amount used in the
test product, intended functions, a brief summary describing the
manufacturing process, and the list of equipment used.

7. Exceptions for BCS-based biowaivers

BCS-based biowaivers are not applicable for narrow therapeutic
range drug and product designed to be absorbed in the oral cavity.

7.1. Narrow therapeutic range drugs

Narrow therapeutic range drug products can be defined as those
containing certain drug substances that are subject to therapeu-
tic drug concentration or pharmacodynamic monitoring, and/or
where product labeling indicates a narrow therapeutic range des-
ignation. The drug should not have a narrow therapeutic index
(FDA 2000c). This limitation is expected to be applied primar-
ily to NDA and ANDA bioequivalence studies after approval, as
well as bioequivalence studies submitted in an ANDA, recog-
nizing that during the IND period an investigational drug may
not be clearly identified as a narrow therapeutic index drug.
Examples include digoxin, lithium, phenytoin, theophylline, and
warfarin. All drugs subject to therapeutic drug concentration or
pharmacodynamic monitoring are not narrow therapeutic range
drugs.

7.2. Products designed to be absorbed in the oral cavity

A request for a waiver of in vivo BA/BE studies based on the
BCS, would not be considered appropriate for dosage forms
intended for retention in the oral cavity (e.g., sublingual or buc-
cal tablets), or for those intended for dissolution in the oral cavity
or designed for administration without the aid of water. Perme-
ability class membership of prodrugs may depend on whether
conversion to the active moiety occurs in the gastrointestinal
tract or following intestinal membrane permeation.

8. Simulation model for biowaivers

According to the biopharmaceutics classification system if drug
has high solubility and high permeability (BCS 1), in vitro
dissolution tests can be used to waive in vivo bioequivalence
studies (biowaiver). The absorption of BCS I drugs is not depen-
dent on drug dissolution or gastrointestinal transit time and
the solid dosage form behaves like oral solution. In current
scenario biowaivers are determined on the basis of solubility,
permeability and dissolution, but the factors correlated with the
gastrointestinal tract and the dynamic nature of drug dissolution
and systemic pharmacokinetics are not taken into consideration.
Pharmacokinetic simulation models can be utilized to study
effects of formulation types, different rates of dissolution and
gastric emptying on drug concentrations in plasma. Simulated
maximum concentration in plasma (Cy,.x) and area under the
curve (AUC) values of solid dosage forms are compared to
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the simulations of oral solution. By definition the absorption of
BCS I drugs is not dependent on drug dissolution and/or gas-
trointestinal transit time (FDA 2000c). Furthermore BCS I drug
should have a wide therapeutic window and linear pharmacoki-
netics. The excipients and formulations must be well-known.
In current scenario drugs in other categories of BCS (except
BCS I drug) are not acceptable as biowaivers.
Pharmacokinetics of drugs are affected by several factors like
physiology of the gastrointestinal (GI) tract, drug solubility,
dissolution, permeability, distribution and elimination. Pharma-
cokinetic simulation models have become attractive tools to
study the interplay of these variables so that the risks related to
the bioavailability or bioequivalence study or biowaiver deci-
sion can be estimated and the most critical factors affecting
Cmax and AUC of certain drug can be ascertained. Kortejarvi
et al. (2007) used a pharmacokinetic simulation model to eval-
uate current biowaiver criteria for BCS I drugs and to explore
whether biowaivers can be found among BCS II-IV drugs and
simulated BCS I-IV drugs using various parameter combina-
tions. Cpax and AUC of immediate-release solid dosage forms
were compared to oral solution in the simulations. Based on
these simulations they suggested that all BCS III drugs are good
biowaivers, but half of the BCS I drugs are not.

Various studies also suggested that acidic BCS II (Rinaki et al.
2004) and III drugs (Yu et al. 2002; Blume and Schug 1999;
Cheng et al. 2004; Vogelpoel et al. 2004) can be biowaivers.
Although it has been shown, that Cp,,x and/or AUC of some
BCS II and III drugs are not sensitive to the minor differences of
dissolution rates. As biowaiver criteria a maximum of 10% dif-
ference in AUC and C,.x, between solid dosage forms and oral
solution can be suggested. For a good biowaiver candidate AUC
and Cp,x should not be sensitive to formulation type, gastric
emptying rate or minor differences in dissolution.

In their simulation model Kortejarvi et al. (2007) assumed that
in vivo dissolution is identical with the in vitro dissolution (i.e.
Kd 4h~!) as defined in biowaiver guidelines. When solid dosage
forms were compared to oral solution, less than 9% difference
in Cpax and less than 3% difference in AUC values of BCS I and
BCS III drugs were observed. In vivo dissolution rate constant
2 h~! was used in these simulations and Cpay ratios of BCS
III drugs (0.91-0.97 or 0.91-0.99, for multiple and single unit
formulations, respectively) were found closer to 1.0 than the
ratios of BCS I drugs (0.82-0.99 and 0.75-0.99 for multiple and
single unit formulations, respectively), although BCS I are the
currently accepted biowaivers. Cp,x differences of BCS I drugs
with rapid absorption and rapid elimination were the greatest.
Systematically the influence of formulation types, physiology
of GI tract and drug properties (dissolution, absorption and
elimination) against current biowaiver criteria should be studied.

9. Conclusion

Advent of the Biopharmaceutics Classification System (BCS)
makes it possible to stream line development for some prod-
ucts via BCS biowaiver. BCS can be strategically deployed to
save time and resources during generic drug development. BCS
approach should be selectively utilized, carefully considering
cost versus benefit for each project. BCS waivers represent sci-
entific understanding of both the formulation and the in vivo
environment and also accelerate development of new products
and regulatory approvals.

An extension of the BCS regulatory guidelines is considered
essential before its widespread use in all developmental phases.
The current version limits the broad use of BCS since Class
I drug substances (high solubility, high permeability) are rela-
tively rare in current pharmaceutical discipline (Lennernds and
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Abrahamsson 2005; Kasim et al. 2004). The future application of
BCS will become more important when the present framework
gains increased recognition, which will probably be the case
if the BCS borders for certain Class II (high permeability, low
solubility) and Class III (low permeability, high solubility) drugs
are extended. Knowing the BCS category of your compound,
you can save both time and money. If your immediate-release,
orally administered drug meets specific criteria, the FDA will
grant you a waiver of the expensive and time-consuming bio-
equivalence studies.

Revision of the BCS guidelines by the regulatory bodies in
communication with academic and industrial scientists is excit-
ing and will hopefully result in an increased applicability in
drug development. Finally, scientists in this field emphasise the
usefulness of BCS as a simple tool in early drug development
to determine the rate-limiting step in the oral absorption pro-
cess, which has facilitated the exchange of information between
experts involved in the overall drug development process. In the
future, this increased awareness of a proper biopharmaceutical
characterization of new drugs may result in drug molecules with
sufficiently high permeability, solubility and dissolution rate
properties that will automatically help to increase the importance
of BCS as a regulatory tool.
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