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What Is the Role of the
Pharmaceutical Scientist?

Deliver High Pharmaceutical What is high
Quality Product to the patient Pharmaceutical Quality?

1 The product performs
according to the label
claims.

1 How good are label
claims?

1 Pharmaceutical
Standards!

1 How do we set them?




Why is BE Important?

BE connects the product in the
bottle with the claims on the

label!

Label

((BE!’




FDA BCS Guidance

Guidance for Industry

Waiver of In Vivo Bioavailability and
Bioequivalence Studies for
Immediate-Release Solid Oral Dosage
Forms Based on a Biopharmaceutics
Classification System

1 BCS Class | Biowalivers

1 BCS Class Il Biowalvers
Recommended and
Under Consideration




Systemic (BA) vs. Oral Transport
View (BE)

Modern Biopharmaceutics Capsugel Library Print Screen EXIT
Modwie: Predicting Fa
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BCS takes a mechanistic approach to
setting bioequivalence standards: Mass
Transport in the Gl Tract

Movement of Drug Through Gl Tract:

o k4. . | Heart

Drug Absorption

Stomach

(" Drug Release fro
gl . Dosage Forms
E A

T— Small Intestine

Large Intestine

Flux=j=P; -C




First Principle of
Bioeguivalence

If a drug from two products
are presented to the Intestinal
Surface Equivently they will be

Bioequivalent



Diffusion vs. Pharmacokinetic
Views of Absorption

Diffusion Pharmacokinetic
J=(dM /dt)l/ A dC/dt =(dM / d1 1V
=P-AC=P-C =k, AC=k,-C
P =cm/ sec. ko =1/sec

k., =(S/V)-P,

Software e.g. GastroPlus®



Absorption Rate Coefficient:
k, ~Local Permeability(Peff)

Transport

J=>0/A)(dM /dt) =P, -C

PK

dC/dt=(1/V)dM /dt =k, C

Permeability ~ Absorption Rate Coefficient(constant)
Equating dM/dt: A-P, -C =V -k.C

K, = (AIV)Py

k, =(2/R)P; = P,

R 2cm(1.75)

Ko ~ P

Numerically (Units differ: 1/sec vs. cm/sec)



BCS takes a mechanistic approach to
setting bioequivalence standards: Mass
Transport in the Gl Tract

Movement of Drug Through Gl Tract:
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Biopharmaceutics Classification
System (BCS): Basis

M) = [ [[ (P, -cxthet
0 A

/

Absorption per unit area per unit
time



Why is BE Important?

BE connects the product in the
bottle with the claims on the

label!

Label

((BE!’




Bioequivalence (BE) Today

1 Historically a Relative Bioavailability (BA)
Based View

— Misses the underlying scientific issues
1 /V Vivo Dissolution

1 BE Testing Is Same Drug
— Once Absorbed PK iIs the Same

1 The Science of BE is at the Absorption
Site
— For Oral Dosage Form in the GI Tract

1 The Question Is: What Is the Best BE Test




Systemic (BA) vs. Gut View (BE)

Modern Biopharmaceutics Capsugel Library Print Screen
Modwie: Predicting Fa l I e
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Woduio: Farnmacocinélica

Ejemplo de test de Bioequivalencia a partir del Cmax:

1 Perfil de
g - concentraciéon
C .
mas del firmaco de
referencia
Cp
Perfiles de
concentraciéon del
farmaco problema:
tmax tiempoihr)
1 — — 14— _ 1
o =—190 % Cl 90 % Cl
WuHC S —— —_ /
¢ Bloequivalente? ¢ Bloequivalente? ¢ Bioequivalente?

& »

Propositos, Objetivos,
¥ Prerrequisitos

Introduccion
Biodisponibilidad
Farmacocinética
Aclaramiento
Metaholismo
Absorcion: Analisis

Binegunsalencia
Definicidn

BE en desarrallo
BE Paradigm=
Criterio=s BE de FOA
Codigos de la FOA

Transporte
Administracion

Referencias

FH.8d.2




BCS takes a mechanistic approach to
setting bioequivalence standards: Mass
Transport in the Gl Tract

Movement of Drug Through Gl Tract:
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August 2000 FDA Guidance

Guidance for Industry

Waiver of In Vivo Bioavailability and
Bioequivalence Studies for
Immediate-Release Solid Oral Dosage

Forms Bfised'nn a.Biu;.)harmaceulics GL Amidon et. al., Pharmaceutical ResearCh, 12,
Classification System 413 (1995)

# Predicting Oral Drug Absorption

Dissolution

USP Dissolution Test Method 2 (USP Rotating Paddle Apparaus):

LS. Department of Health and H 1 Services
Food and Drug Administration
Center Tor Drug Exaluation and Research (CDER)
August 2004
BP

Sampling Point

Vessel

Paddle

Dosage Form

Predicting Oral Drug Absorption Dissolution




EMEA/CPMP and FDA/BCS

Guidance for Industry

COMMITTEE FOR PROPRIETARY MEDICINAL PRODUCTS
(CPMP)

Waiver of In Vivo Bioavailability and
e R e Bioequivalence Studies for
Immediate-Release Solid Oral Dosage
Forms Based on a Biopharmaceutics
Classification System

U.S. Departmcnt of Health and Human Services
Food and Drug Administration
Center for Drug Exaluation and Research (CDER)
August 2004
BP

¢ for Cuidance will replace the proviens guideline




FDA/BCS, EMA/CPMP, WHO BE
Recommendat

Guidance for Industry

Waiver of In Vivo Bioavailability and
Bioequivalence Studies for
Immediate-Release Solid Oral Dosage
Forms Based on a Biopharmaceutics
Classification System

LS, Department of Health and Human Services
Food and Drug Administration
Center for Drug Exaluation and Research (CDER)
August 2004
Br

CPMPE

WHO Technical Report Series
937

LA ¥ Fogrocicion arier

:TARY MEDICINAL PRODUCTS

PMP)

GUIDANCE ON

AILABILITY AND BIOEQUIVALENCE

CY AND QUALITY

Juily 1908

December 1008

Fabruary = May 200

Diecembes 2000

March 2001

March - May 2001

July 2001

us guideling adopied in Decenher

WHO EXPERT COMMITTEE
ON SPECIFICATIONS FOR

PHARMACEUTICAL PREPARATIONS

M_A European Medidnes Agency
Pre-Authorisation Evaluation of Medicines for Human Use

Londan. 24 July 2008
Doe. Ref. CEMP/EWP/QWP/1401/98 Rev. 1

‘COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE

DRAFT

‘GUIDELINE ON THE INVESTIGATION OF BIOEQUIVALENCE

DRAFT AGREED BY THE EFFICACY WORKING PARTY Tuly 2008

ADOPTION BY CHMP FOR RELEASE FOR CONSULTATION 24 Iuly 2008

END OF CONSULTATION (DEADLINE FOR COMMENTS) 31 January 2009

This guideline will replace the “Note for guidance on the investigation of bioavailability and
al CPMPEWP/QWP/1401/98 and the related questions i the Q&A document
CHMP/EWP/40326/2006). This guideline inchides recommendations on  BCS-based

|c'.nnmmmlm“m be provided to EWPSecretariai @emes airopa e using

| KEYWORDS quivalence, pharmacokinetics, biowaiver, in vitro dissolution, generics

7 Westfeny Circus, Canary WWharl, Longon, E 14 4HB, UK
Tel. (44.20) 74 16 54 00 Fax (44-20) 74 1596 13
E-mall: mali@emea suopa.cu  Hpi/nirn, EMes, o pa. e
© Euwopoan Medicinos Agency, 2008 Reproductian i authorisad prowdod the sourcs is acknouodged.




WHO extensions to the scope of application
of the biowaiver

In the “Multisource document™," the WHO has broadened the scope of ap-
plication of the bic thres directions:

WHO Technical Report Series
937

WHO EXPERT COMMITTEE e
o N s P E c I F I CAT I o N s F o R i PR S —
PHARMACEUTICAL PREPARATIONS T

cLasS | cLass il
Highiy permeatie | Fighiy pemeatie
Higniy soiutie ooy soluble

Eiigile Not eiigibla

CLASS I CLASS IV
Poorly permeabis  Poorly permeable
Highy sollitle Poorly soluble.

Mot eligibie Net sligible

Fortieth Report

Table 1
Substances on the WHO Model List of Essential Medicines (ENML)

Highest oral
strength Indication(s) | Comments
according to Dissolution accordingto | and

WHO Essential test (for WHO Essential | special dosage
Medicine* Medicines List | Solubi Permeabil biowaiver): | Potential risks' | Medicines List" | form indications*

abacavir 200 mg high low 3 924.2 antietroviral

unknown whether
pocr BAs due to
or solubility or

Not eligible antiglaucoma | poor selubility and
acetazolamide mg ow 2| for biowaiver medicine poor permeability

acetylslicylic NSAID, antimi-
acid 500 mg high > graine medicine

acetylsalicylic antithrombotic
acid high medicine

antherpes
aciolovir high 32.1.2 medicines

chewable tablet;
unknown whether
pocr BAs due o

Not eligible o

P r ‘ :

- ‘; World Hea Ith albendazole ) y for biowaiver anthelminthic poor perrmeability
K/

allopurinel 9211 gout

¥ Organization i

hydroxide NA antacid

NSAID, N

Geneva

Annex 7
Annex 8




Pan American

Health
Organization

Regional Office of the
World Health Organization

PAN AMERICAN NETWORK FOR DRUG
REGULATORY HARMONIZATION

FRAMEWORK FOR IMPLEMENTATION OF
EQUIVALENCE REQUIREMENTS FOR
PHARMACEUTICAL PRODUCTS
Document for Public Opinion

WORKING GROUP ON BE



WHO (BE) Recommendations

1 Solubility and Permeabillity

— Same as (~)FDA and EMEA
1 Dissolution and solubility pH=6.8 (rather than 7.5)

1 Dissolution: Very Rapid, Rapid, Not Rapid
1 Recommends Classes for drugs on
(WHO) EML

1 Recommends dissolution ‘Biowaivers’ for
Class I, lll, and some Class Il Drugs (ll1a)

1 Extends BCS Biowaivers to 60% of Drug
Products



What is the BCS? Permeabillity

and Solubllity Classification

The BCS is a scientific framework for classifying drugs
based on their agueous solubility and intestinal
permeability and setting the best Bioequivalence
Test.

Biopharmaceutics | golubility | Permeability
Class




Biopharmaceutics Classification
System (BCS): Basis

M) = [ [[ (P, -cxthet
0 A

/

Absorption per unit area per unit
time



Maximum Flux (Absorption)

dM /dt(l/A)=J__ =P, -C.
= Mass Absorbed per Unit Time per Unit Area
C, = Solubility




High Solubility Drug

1 Vs = Volume of Solution
<250 ml,

1 pH=1-7.5
1 Highest Dose Strength
1 Do=Dose/250/C | <1

FDA Glass of Water= 8 oz.
N (240 ml)

N




Diffusion vs. Pharmacokinetic
Views of Absorption

Diffusion Pharmacokinetic
J=(dM /dt)l/ A dC/dt =(dM / d1 1V
=P-AC=P-C =k, AC=k,-C
P =cm/ sec. ko =1/sec
=(S/V)-

Software e.g. GastroPlus®



Human Permeability

!E Modern Biopharmaceutics V6 @@!

ME Modules Calculation Tools  Capsugel Library Quiz Glossary Index

Wodule: Predicting Fa

Print Screen EXIT

fims, Objectives
and Prerequisites

Human Perfusion Study

Introduction

Position the tube to the final . Theory
destination, the jejunum -
Permeahility

Rt
Dog

Human

Fa : Soluble Case
Estimating Availability
Fa: Insoluble Case
BCS

Molecular Descriptors

References

N. Takamatsu, et al. Pharm.Res., 14, 1127 (1997).

Intestinal segment will be rinsed with 37 C normal saline at a flow rate of 3
ml/min for at least 20 minutes until a clear and bile-free effluent is collected.

Drainage of bile



Human Jejunal Permeabillity
(The ‘Gold’ Standard)

Intestinal permeability and its relevance for
absorptdon and eimination

Introduction

eral impertint tur.runrr b_.m_. the absorption and
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Human Fraction Absorbed vs. Jejunal
Permeabllity pH=6.5

D-glucose
Verapamil
Piroxicam
Phenylalanine
Cyclosporin
Enalapril
Cephalexin
Losartan
Lisinopril
Amoxicillin
Methyldopa
Naproxen
Antipyrine
Desipramine
Propanolol
Amiloride
Metoprolol
Terbutaline
Mannitol
Cimetidine
Ranitidine
Enalaprilate
Atenolol
Hydrochlorothiazide

Human fraction absorbed (%)
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Human jejunum permeability (x10° cm/s)

Sun et.al Pharm. Res. 19, 1400, 2002



Human Permeability
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Wodule: Predicting Fa
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fims, Objectives
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Introduction

Position the tube to the final . Theory
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Permeahility

Rt
Dog

Human

Fa : Soluble Case
Estimating Availability
Fa: Insoluble Case
BCS

Molecular Descriptors

References

N. Takamatsu, et al. Pharm.Res., 14, 1127 (1997).

Intestinal segment will be rinsed with 37 C normal saline at a flow rate of 3
ml/min for at least 20 minutes until a clear and bile-free effluent is collected.

Drainage of bile



Tissue Culture Permeabillity

'Ef Modern Biopharmaceutics V6 BEEE
MEBE Modules Calculation Tools Capsugel Library Quiz Glossary Index Print Screen EXIT
Module: Predicting Fa

Aims, Objectives
and Prerequisites

Introduction

SUBJECT

Caco-2 cell line
Cell preparation

Theory

Permeability

Fa: Soluble Case

Estimating Availability

EQUIPMENT EXPERIMENT

Uptake Study

Molecular Descriptors
Transport Study References
Data Analysis

Fa: Insoluble Case

BCS
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Human Caco-2 Permeability

Correlation

logY = 0.6532 logX - 0.3036, R? = 0.7276 (all drugs)
— —. logY = 0.7524 logX - 0.5441, R? = 0.8492 (passive diffusive drugs)

0.1 1 10 100

Caco-2 permeability (x 10° cm/s) at pH 6.5

& Furosemide

O Hydrochlorothiazide

X Atenolol
Cimetidine

X Mannitol

A Terbutaline

® Amoxicillin (C)

A Lisinopril(C)

O Metoprolol

& Cephalexin (C)

B Enalapril (C)

+ Propranolol

B Phenylalanine (C)

O Desipramine

— Antipyrine

O Piroxicam

K Verapamil (C)

A Ketoprofen

+ Naproxen

E3D-Glucose (C)




'In Silico’
(Computational)

[1EF i
pharmaceufics articles

Top 200 Oral Drug Products in the United States, Great
Britain, Spain, and Japan
Toshihide Takagi! Chandraselharan Ramachandean,! Maxival Bemgo !

Shinji Yamashita ? Lawrence X. ¥u, " and Gordon L. Amidon

O False negative
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of oral Immediate-release (IR)
drugs on 200 top-selling US, GB, ES, JP, and KR
drug products
1 US: 113 oral IR drugs (56.5%)
1 GB: 102 oral drugs (51.0%)
1 ES: 106 oral drugs (53.0%)
1 JP: 113 oral drugs (56.5%)

1 KR: 87 oral drugs (43.5%)

1 Based on 200 top-selling drug products in 5 countries, and WHO
Essential drugs, drug databases of Combined List (346 drugs),
Western List (147 drugs), Eastern List (163 drugs) was made and
analyzed on molecular properties and BCS classification.



Comparison of the provisional BCS classification of /n silico vs.
referenced solubility approaches on 185 oral IR drugs

B ClLog P (BioLoom5.0) and exp. M.P.

O ClLog P (BioLoom5.0) and average M.P.

B CLog P (ChemDraw 8.0) and exp. M.P.

O Log P (MOE 2004.03) and exp. M.P.

B KLog P (Molecular Formula) and exp. M.P.

B KLog P (Molecular Formula) and average M.P.
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BCS and Dissolution: The

Future

1 Oral BE Is a scientific question of /77
v/ivo Dissolution

1 The /n vivo Dissolution System
(Gastrointestinal Tract) Is complex

1 We need to establish /n vitro
Dissolution Systems

1 Need to Develop: Bioperformance
Dissolution Methods (BDM)



BE Dissolution Proposal (Starting
Point)

Drug Solubility pH Drug Solubility pH Drug
BCS Class 1.2 6.8 Permeability ACUEIE [ EE2eE
I High High High >85% Dissolution in 15 min; 30 min, f2., pH = 6.8.
15 min at pH=1.2, then 85% Dissolution in 30 min.,
) . . pH = 6.8; F2>50; 5 points minimum; not more than
l-A Low High High one point > 85%.
II-B High Low High >85% Dissolution in 15 min., pH = 1.2.
15 min at pH=1.2; then 85% Dissolution in 30 min.,
1-C Low Low High pH = 6.8 plus surfactant*; F2>50; 5 points minimum,
not more than one point > 85%.
i High High Low >85% Dissolution in 15 min., pH = 1.2, 4.5, 6.8.
15 min. at pH = 1.2; then 85% Dissolution in 30 min.,
IV-A Low High Low pH = 6.8,; F2>50; 5 points minimum.; not more than
one point > 85%.
IV-B High Low Low >85% Dissolution in 15 min., pH = 1.2.
15 min at pH=1.2; then 85% Dissolution in 30 min.,
: pH = 6.8 plus surfactant*; F2>50; 5 points minimum,
A Low Low Low not more than one point > 85%.




BCS Dissolution Proposal

1 This Is too much to digest In one seminar

1 The USP can not do this because of it's
charter

1 The FDA can not do this because of the
legal basis for proprietary information

1 This is how we do business (develop
products)



BCS and Dissolution

Conclusions

New BE Paradigm
Reduce Unnecessary /n Vivo Studies
Increase Oral Product Quality

Based on Scientific Principles and Extendable
— E.g. Food Effects

It is up to us!

Movement of Drug Through GI Tract:
R . | Heart




