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ARSTRACT

The bopbmrmacentcal clasmficabon system (BCS) bas been developed to provade a soienhfic approach for classifying drug compoumds
based on solvbality 2= related o dose and itestingl permeatelity in combination with the disssivtion properties of the oral mumedinte release
dosage fonm. BCS is be provide a regulatory fool for replaciog certain osguivalence (BE} studies by accurate i vitro dissolution tests. This
review mves tiree dimensionless nimnbers which are used i BC3 are alsorption manber, dsolufion owmnber, dose oo her

Bavwwver is an impartmnt ool for formulaton development, Bicavailabiliy (BA) and BE play 8 centel role in phammanceitical product
development, and BE sindies are presently bemg condacted for New Drug Applications (WDAs) of new compounds, i supplementary MDAs
for new medical indications and product lise extenstons, m Abbreviated New Dimg Applications (ANDAS) of genenc products, and in
applicaibens for scile-np and post-approval changes. The |:u1nnp|.-:1 of the BCS classification system can be applied to WDA and ANDA
npprevals as well as to scale-up and post approrval changes in drmg anﬁ-:rl.mg. BLS clessification can therstors save phammaceutical
compantes & significant amount m development tane and reduce costs. The aim of the preseat review is to present the stats of BCS and

discuss {15 fintnre application m phannaceniical produet develogpunent,

KEYWOHRDS: Biephamaceuticsl classification system, Bicowaver, Solnbility, Permeability,

INTRODUCTION

Sioce s meeption i 1995, the biopharmacentical
classification system (BCS) has become an increasimgly
important tool for regulation of dmg products world-
wide," The BCS is a scientific framework for classifying
drg substances hased upon their aqueous solubility and
mtestinal  permeability. When combmed with the
dussolution of a dimg product, the BCS takes mto account
3 major factors which govern the rate and extent of dmg
absorption from immediate release (IR) solid oral dosage
forms (tablets/capsules), viz: dissoletion rate, solubility
and  permeability®  The itroduction of  the
biopharmacentics drug classification svstem {(BCS) into
the puidelines of the Food and Diug Administration
(FDA) 13 a mapr step forward to classify the
beopharmacentical properties  of drugs and doig
products” The Introduction of the Biopharmaceutics
Classification  System (BCSY. s validiy and
applicability have been the subject of extensive research
and discussion”. These efforts have resulied in an
improved SUPAC-IR puidance, a dissolntion guidance’_
and a Food and Ding Admmistration (FDA) guidance on
waiver of m vive bicequivalence studies for BCS Class 1
drugs in rapid dissolution immediate-release (IR) sold
oral-dosage forms™" . Until now, application of the BCS

has been partially himdered by the lack of a freely
avallable and accurate database summarizing solubility
and permeability charactenstics of dme substances.
Based on mechamistic approaches to the dmg absorption
and dissolition processes, the BCS  emables the
regulatory bodies to simplify and mmprove the dig
approval  process.'The  knowledge of the BCS
characterstics of a drug in a formulation can also be
utilized by the formmlation scientist to develop a more
optimized  dosage  form based on fundamental
mechanistic, rather than empirical information.”

The tenets of biopharimaceutics, solubility  and
permeability, are of pivotal mmportance in new dmg
discovery and lead optimization due to the depemndence
of dreg absorption and pharmacokmetics on these two
properties, A classification system for dmgs based on
these two fundamental parameters, Biopharmacetic
Classification Svstem (BCS), provades dmig designer an
opportumty to mampulate structure or pliysicochenical
properties of lead candidates so as to achieve better
“deliverability”. Considering the facts for Gilure of
NCEs. drug research, once concentrating on ofddnizing
the efficacy and safety of the leads, dramatically
transformed m the past two decades. With the enormous
mimber of molecules bemg  synthesized using
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combinatorial and parallel syothesis, lugh tlroughpuat
methodologies for screening solubiliy and permeability
has pained sipnificant  ferest  in pharmacentical
mdustry. Ulimate aim of the dmg discovery scientist n
pharmacekmetic optimization is to tailor the molecules
50 that they show the features of BCS elass T withowt
COMPIONMSIE on  pharmacodynamics. Thus,
bropharmacentical characterization durmg drug design
and early development helps in early withdrawal of
meolecules with msurmountahle -:hvelnpumual pmbleum
associated with phanmacokmetic optimzaton.

BCS CLASSES

o Class [-high solubality/high permeability

s Class IT-low satubilitv/high permeability

o Class [T1-high solobality/low permeability

o Chass IV-low solubility/Tow permeability

In addstion, imumediate release (TR) dosage forms are
categorized as baving rapid or slow  dissolution
According to the BCS, when certain critéria are met, the
classification system can be used as a dmig development
tool to assess bioequivalense m vitro thas obviating the
need to perform in vivo studies in human subjects.”
To-date, however, only drug products which fall i the
Class 1 category, which contain highly soluble, highly
perimeable drug substances in [R solid oral dosage forms
that exhibit rapid m vitro dissohition, may qualify for a
waiver of in vivo bioequivalence studies.

Solubility

The solubility class boundary i based on the hiphest
dose strenpth of an [R prodnct that 1= the subject of a
browamver request. A drug substance 15 considered highly
soluble when the lnghest dose strength 15 soluble m 250
ml or less of aqueons media over the pH ranpe of 1-7.5.
The volume estimate of 250 ml is derived from typical
BE study protocols that prescribe admimstrabion of a
dimg produet to fastmg mnnan volunteers with a glass
(about ¥ ounces) of water™ ™ ™°

Permeability

The permeability class boundary is based indwectly on
the extent of absorphion (fraction of dose absorbed, not
systemic BA) of a dmg substance m humans and directhy
on measurements of the rate of mass transfer across
imman mtestinal membrane. Alernatrvely. nonbuman
systems capable of predicting the extemt of dmg
absorption i humans can be nsed {e.g., i virro epithelial
cell culure methods). In the absence of evidence
suggesting mstability i the gastrointestnal tract, a dig
substance 15 considered to be highly permeable when the
extent of absorption m humans 15 determined to be S0%
or more of an administered dose based on a mass balance
determmation _or M c¢omparison o an  intravenous

Dissolution

In this guidance, an IR drug prodoct s considered

rapidly dissolving when no less than 853% of the labeled

amonnt of the dmg substance dissolves within 30

munutes, using U5, Pharmacopeia (USP) Apparatus [ of

100 rpm {or Apparates [T at 50 rpom) in a volume of 200

ml or less in each of the following media: (1) 0.1 N HCI

or Simulated Gastnie Fluid USP without enzvme a pH

4.5 boffer; and (3) a pH 6.8 buffer or Simumiared

Intestinal Fluid USP without enryvmes '

SOLUBILITY DETERMINATION

= pH -solubility profile of test drug mn aqueons media
with a pH range of 1 10 7.5.

s  Shake-flask or titration method.

o  Analysis by a validated stability-indicating assay *

PERMEABILITY DETERMINATION

Extent of absorption in humans ™

s Mass-balance pharmacokmefic studies,

Absolute bioavailability studies.

Intestinal permeability methods.

I viver imtestimal perfisions studies m nmans.

In wive or én site infestinal perfision studies

animals

o [n vitro permeation experiments with excised human
or animal intestmal tissue,

® [y vifro peTmeation experiments across epithehal cell
monolayers.

DISSOLUTTION DETERMINATION

LISP apparatus | (basket) at 100 rpm or USP apparatus 11

(paddle) at 30 rpm

Dissohion media (2900 ml): 0.1 N HCl or sunufated

gastric flmd., pH 4.5 buffer. and pH 6.8 buffer or

simlated mtestmal flud,

Compare  dissohtion profiles of test amd reference

products using a similarity facior,

Drug dissolution amnd gastrointestinal permeability is the

fmdamental parameters controlling rate and extent of

drig absorprion. This classification is associated with

dng dissolnton and absorption model, which wdentifies

the kev parameters cnn!m]lmg. drug absorption as a set of

dimenstonless mumbers viz,

Absorption number defined as the ratio of the mean

- & B B

residence  time to  mean  absorption  time™t
Dissolution number defmed as the ratio of mean
residence time o mean  dissolation  mme™

Dose number defined as the mass divided by the produc
of uptake volume {250 ml) and sohibility of drug (4)
Fundamental starting point for BCS =

Yo = PO
Twe- Drug: flux (mass/area / tune) thromgh the mtestmal
wall at any position

1520
reference dose ™ Pw- Permeability of this (complex) menbrane
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Cw= Drug concentration at membrane (imrestinal) surface
Absorption rate = dm / dt = [[\PaCwda
Effective wall permeability is given by
Pe=Pa. P | ( Pa+Pw)
Pa is apparent wall permeability to mass transport to
intestinal membrane (#queous mass transpoat coefficient)
Pw - Wall permeability
Pa - Estimated by equation
Pa-1(x) =LAT(DY R) Gz 13 (x/ L)1/3
Do = (MoNo) / Cs
D=1 o Taes
-"l!'-u-tﬂ'li '[m :
[res= rr_R'L /() mean recidence time
t diss= 'y £3DCs Thne Required for Particle of drug to
dlsmlve
tabs' —kabs = (sv)Peff =2PefliR =
Absorption Rate Constant”
Class] - drugs exhubit & lueh absorption munber and a
high dissolution munber. The rate hmiing step is dmg
dissolution and if dissolution 15 very rapid then gastric
e ving rate becomes the rte determining ﬁ[nﬁ: e
Metoprolol, Diltiazem. Verapamil, Propranolot™ 30
Classll- Drugs have a high absorption sumber but a lml.
dissolution number. In vivo dmug dissolution is then a
rate limiting step for absorption except at a very lugzh
dose mumber. The absorption for class IT dregs 15 usnally
slower than class 1 and ocenrs over a longer period of
tane. In vitto- In vive correlation (TVIVC) is usually
accepted for class T and class 1T drugs. eg. Fhen}'mm.
D—amznl Ketoconazole, Mefenamic acid. Nifedinpine. ,

The Effective

Fon ClassITT drugs, permeability s rate hmiting step fior
ding absoaption. These des exhabit a high variatson i
the rate and extent of drug abeorption. Smee the
dissolution is rapwd, the variation s attributable to
alteration of physiolopy and membrane permeability
rather than the dosage form factors, c.g. Cimctidine,
Acyelovir. Neomwvein B, Captopril 3

Class IV druges exhibit a ot of problems for effective oral
adiministration. Fortunately, extreme examples of class
IV compounds are the exception rather than the rule and
are rarely developed and reach the market. Nevertheless
a mnmber of class IV dogs do exist. e g Tavol 7
BIOWAIVER EXTENSION POTENTIAL
Potential of Redefining BCS  Solubility
Boundary

The sohibility class bonndary requires that the highes
strength of a dmg substance 15 soluble m 250 mi or kss
of aqueons media over the pH range of 1.0-7.3. The pH
range of LO-75 for solability siudies s a siringent
requiremient and may not be necessary. Under fasting
comditions, the pH range m the GI tract vary from 1.4 to

Class

2.1 inthe stomach. 4.9 to 6.4 m the duodetom, 4.4 1o 6.6
in the jejunum, and 6.5 to 7.4 in the llenm. Furthermore,
it generally takes spproximately 85 min for a drug 1o
reach the dewin By the time the ding reaches the tlenmn,
the dissotion of the dmg product s likely complete of it
meels the rapid dissolution criterion, e, no less than
B85% dissolved withm 30 min Therefore, it would appear
reasonable to redefme the pH range for BCS solubility
class boundary fom 1.0-7.5 1o 1.0-6.8 in alipnment witly
dissohition pH ranges, which are pH 1.0, 4.5, and 6.8
buffers. The dose volune of 250 ml seems a
conservative estimate of what actually is available i
vivo for solubilization and dissoition. The physiological
vohune of the small intesting varies from 50 to 1100 ml
with an average of 500 ml under the fasted conditions. IF
the drug & not i solution in the stomach gastnc
equptying would then expose if 1o the small intestine, and
the solid dme would dissolve under the effect of
addiional small infestinal fluid. However, because of the
large wvariability of the small mtestinal wvolmme, an
appropriste definition of the volume for solubility class
boundary would be difficult to set. Another factor
influencing in weo solibilay is bale salt micelle
solubilization™ . Intestinal solubility is perhaps the most
important sehibility becanse this is the absorbme region
for most dmgs. Many acidic drogs whose solbility 15
low at low pH are well absorbed. For example. most
nonsteroidal  anti-nflammatory drmags,  such oas
flurbiprofen, ketoprofen, naproxen, md oxaprozin, are
poorly soluble in the stomach but are highly soluble m
the distal mestine and  their  absolite  bumas
bivavailability are 90% or higher. thos exhibiring
behavior similar to those of BCS Class 1 drugs*®, The
solubility classification is based on the ability of a dig
to dissolve in plam agqueous buffers. However, bile salts
are present i the small intestine, even in the fasted state.
The average bile salt concentration in the small mtestine
is estimated to be approximately § mM™ Based on
physiological fctors, Dressman designed two kinds of
media, one to smulate the fasted-state conditions in the
small intestine and the other to simulate the fad-state
conditions i the small mresting™, These two media may
be nsed m drmg discovery and developmen processes 1o
assess i ovive solubility and dissolotion and bave the
potential to be used in dmg repulation, ie. dissolution
methodolopy  for boeguivalence  demonsiration usmg
mme physiologically relevant media, although more
extensive rescarch is needed. Other cnteria, such as
infrinsic  dissolution rate. may be uzeful m the
classificarson of the biopharmaceutic properties of drgs.
The mtrmsic dissolution method has been widely nsed m
pharmaceutical mdustnies to  charactenze drug
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substances. A good comelation between the mirinsic
dissolution rate and BCS sobility classification was
fommnd for 17 BCS model dmigs™. Thus, the mtrinsic
dussolution rate may be used when the solubilsty of a
drug cannot be accurately determined, although more
validation research needs to be conducted,'**% %
Potential of Redefining BCS Permeability Class
Boundary

The permeability class boundary is based on the extent of
intestinal absorption (fraction of dose absorbed) of a
diug substance m Iunans or on measurements of the rate
of mass transfer across mrestinal membranes. Under the
current BCS classification. a dmg is considered to be
highly permeable when the fraction of dose absorbed 15
equal to or greater than 90%. The eriterson of 90% for
the fraction of dose absorbed can be considered
conservative because the experimentally determined
fraction of dose absorbed s seen to be less than 90% for
many diugs that are generally considered completely or
well-absorbed. This suggests that a class boundary of
3% might be appropriste m defining high permeability,
although it remains to be justitied and debared ®

BCS and Mssolution Method Development

BCS1

*gRsiTic emptving 15 rate-limaing step

ssimple method (pH 1.2, 15 mms) can be used to
demonstrate bioavailabiliry

*IVIVC unlikely 1o be possible

*Biowaiver readily gained

BCS2

*Digsoliton may be rate-limit g

*Dissolution profile in multple media should be assessed
[VINVC may be possible

*Biowaiver mav be possible

BCS 3

*Permeability is the rate-limitmg step

*Limited [VIVC may be possible

sHiowaiver unlikely

BCS 4

*Both dissohition and permeability inay be rate- linuting
«Dissohition profile in multiple media should be assessed
VINVC difficult 1o achieve

*Biowaiver unlikely*

BIOWAIVER

The term biwwamwer & applied to a repulatory drag
approval process when the dossier (application) is
approved based on evidence other than i vivo
biequivalence test. For solid oral dosage  forms,
beowamver(s) generally rely on a dissolition test.k

It was then recognized rthar dissolufiwom rate has a
negligible impact on binavailability of lnghly soluble and
highly permeable (BCS Class [) drugs when ther

formualation’s dissolution is sufficiently rapid ©. As a
result, varions regulatory agencies mcluding the United
States Food and Drug Administration (FDA) now allow
biequivalence of fornmlations of BCS Class I dmgs to
be demonstrated by m vitre dissolution (ofien called a
biowaiver)***, The WHO has recently recommended
biowarvers for Class 111 and some Class 1T druzs and
AAPS-FDA scientific conterences have recommended
biowaivers for Class II1 compounds as well*® The
“Waiver of In-vivo Bioavailability and Bisequivalence
Studies for Immediate Release Solid Oral Dosage Forms
Based on a Biopharmacentics Classification System” is
an  FDA  goidance  docuwment,  which  allows
phamnoaceutical  companies  to forego  clinical
bipequivalence studses, if their doug prodoct meets the
specification detailed in the puidance. The principles of
the BCS classification system can be applied to NDA
and ANDA approvals as well as to scale-up and post
approval changes o divg  maoefbotiring.  BCS
classification can  therefore save  pharmaceutical
campanies a significant amount in development time and
reduce costs

Blowaivers Based on BCS

Considermg the uncertainties associated with in vifro
dissolition  tests, the proposed draft  goidance
recomanends biowarvers only  for rapadly dissobving
products of highly solible and highly permeable drugs,
that are not considered, by the FDA. 1o be "Narow
Therapeutic Index Dirugs.” The cteria for defiming the
therapetic  index of a dug is  currenth  under
consideration at the FDA. It is proposed that BCS based
biowaivers  apply  for  sitwations . during  both  pre
(INDVNDA and ANDA) and post approval phases. In the
curtent proposal the following criterin are recommended
for justifying the request for a waiver of in vivo
biostudies

l. The drug substance should be highly soluble and
highly permeable, defined as a class I drug.

2. An TR drag produet should be rapadly dissolving, as
defined above.

3. For waivers of an m vive relative bioavailability
study, dissohution should be preater than 83% in 30
minifes i the three recommended dissohition nwedia
(acidic media, such as 0.1 N HCI er Simulated Gastrie
Fluid USP without enzymes, a pH 4.5 buffer: and a pH
6.8 buffer or Smudated Intestinal Fluid USPE withouw
emzymes). For waivers of m vivo bioequivalence, tes!
and reference products shoukd exhibit similar dissohrtion
profiles under the dissolution rest conditions defined for
rapadly dissolving products.

Twao dissolition profiles may be considered snmlar
when compared usmg the £2 metric (2 > 50) as
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described in the gpudance for mdustry on dissohition
testing’. When both the test and the reference products
dissolve 83% or more of the label amount n < 135
mimutes, i all three dissoletion media recommended
above, a profile comparison 15 Unnecessary.
4, The drug should ot be a namow therapeutic index
drug. Tlus lintation 5 expected to be appled primariby
to NDA and ANDA  bioequrvalence studies after
approval, as well as bivequivalence studies submitted m
an ANDA, recognzing that durmg the TND period an
mvestigational dme may oot be clearly wdentified as a
narrow therapentic index drg.
5, Excipients used in the dosage form should have besn
msed previonsly in FDA approved TR solid dosage forms.
The quantity of excipients m the IR product should be
comsistent with their infended finction. Large quantities
of ceftam excipients, such as surfactants (e.g.. sodinm
lanryl sulfate) or osmotic meredients (e.g.. sorbitol) may
be probleimatic.
. All other application commitments should be met
CONCLUSION: BCS is to provide a regnlatory tool for
replacig  cerfain  woequivalence (BE) studies by
accurate  m vitre  dissolifion  tests. Biowaver an
imperative tool for formulation development which uses
methods other than v wve BCS classification can
therefore save pharmacentical compames a siznificant
ammmt m developinent time and reduce costs. The amm
of the présent review 18 to present the staiis of BCS anmd
discuss its future apphication m pharmacentical product
developiment
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