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What is the Role of the 

Pharmaceutical Scientist? 
Deliver High Pharmaceutical 

Quality Product  to the patient 

The product performs 

according to the label 

claims. 

How good are label 

claims? 

Pharmaceutical 

Standards! 

How do we set them? 

What is high 

Pharmaceutical Quality? 



 

Why is BE Important? 

 BE connects the product in the 

bottle with the claims on the 

label! Label 

Product 

“BE” 



Biopharmaceutics  
Class 

Solubility Permeability 

I High High 

II Low High 

III High Low 

IV Low Low 

 
 

 FDA BCS Guidance 

BCS Class I Biowaivers 

BCS Class III Biowaivers 

Recommended and 

Under Consideration 



Systemic (BA) vs. Oral Transport 

View (BE) 

The 

Science of 

BE is at the 

Absorption 

Site 

BA 

BE 



Flux = effj P C 

BCS takes a mechanistic approach to 

setting bioequivalence standards: Mass 

Transport in the GI Tract 



First Principle of 

Bioequivalence 

If a drug from two products 

are presented to the Intestinal 

Surface Equivently they will be 

Bioequivalent 



Diffusion vs. Pharmacokinetic 

Views of Absorption 
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Absorption Rate Coefficient: 

ka ~Local Permeability(Peff) 
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Flux = effj P C 

BCS takes a mechanistic approach to 

setting bioequivalence standards: Mass 

Transport in the GI Tract 



Biopharmaceutics Classification 

System (BCS): Basis 

0

)M(t) (  eff
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A
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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 

Product 

“BE” 



Bioequivalence (BE) Today 

Historically a Relative Bioavailability (BA) 
Based View 

– Misses the underlying scientific issues  
IN Vivo Dissolution 

BE Testing is Same Drug 

– Once Absorbed PK is the Same 

The Science of BE is at the Absorption 
Site 

– For Oral Dosage Form in the GI Tract 

The Question is: What is the Best BE Test 



Systemic (BA) vs. Gut View (BE) 

The 

Science of 

BE is at the 

Absorption 

Site 

BA 

BE 





Flux = effj P C 

BCS takes a mechanistic approach to 

setting bioequivalence standards: Mass 

Transport in the GI Tract 



August 2000 FDA Guidance 

G.L. Amidon et. al., Pharmaceutical Research, 12, 

413 (1995). 



EMEA/CPMP and FDA/BCS  



FDA/BCS, EMA/CPMP, WHO BE 

Recommendations 

 (2000-2010) 



 

Annex 7  page 347 

Annex 8  page 391 

 

 



FRAMEWORK FOR IMPLEMENTATION OF 

EQUIVALENCE REQUIREMENTS FOR 

PHARMACEUTICAL PRODUCTS 

Document for Public Opinion 
WORKING GROUP ON BE 

 

 



WHO (BE) Recommendations 

Solubility and Permeability 

– Same as (~)FDA and EMEA 

Dissolution and solubility pH=6.8 (rather than 7.5) 

Dissolution: Very Rapid, Rapid, Not Rapid 

Recommends Classes for drugs on 

(WHO) EML  

Recommends dissolution ‘Biowaivers’ for 

Class I, III, and some Class II Drugs (IIa) 

Extends BCS Biowaivers to 60% of Drug 

Products 



What is the BCS?  Permeability 

and Solubility Classification 

Biopharmaceutics  
Class 

Solubility Permeability 

I High High 

II Low High 

III High Low 

IV Low Low 

 
 

The BCS is a scientific framework for classifying drugs 

based on their aqueous solubility and intestinal 

permeability and setting the best Bioequivalence 

Test. 



Biopharmaceutics Classification 

System (BCS): Basis 
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Maximum Flux (Absorption)  
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High Solubility Drug 

Vs = Volume of Solution 

<250 ml, 

 pH=1-7.5 

Highest Dose Strength 

Do=Dose/250/C s  <1 

FDA Glass of Water= 8 oz. 

   (240 ml) 



Diffusion vs. Pharmacokinetic 

Views of Absorption 
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Human Permeability 

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



Human Jejunal Permeability 
(The ‘Gold’ Standard) 



Fabs vs.Peff (cm/sec) 
(Human Jejunum) 



Human jejunum permeability (x10
-4

 cm/s)
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Human Fraction Absorbed vs. Jejunal 

Permeability pH=6.5 

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

 



Human Permeability 

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



Tissue Culture Permeability 
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Correlation 



‘In Silico’ 
(Computational) 



Drug database of oral immediate-release (IR) 

drugs on 200 top-selling US, GB, ES, JP, and KR 

drug products 

US: 113 oral IR drugs (56.5%) 

 

GB: 102 oral drugs (51.0%) 

 

ES: 106 oral drugs (53.0%) 

 

JP: 113 oral drugs (56.5%) 

 

KR: 87 oral drugs (43.5%) 

 

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 in silico vs. 

referenced solubility approaches on 185 oral IR drugs 
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BCS and Dissolution: The 

Future 
Oral BE is a scientific question of in 
vivo Dissolution 

The in vivo Dissolution System 

(Gastrointestinal Tract) is complex 

We need to establish in vitro 
Dissolution Systems 

Need to Develop: Bioperformance 

Dissolution Methods (BDM) 



BE Dissolution Proposal (Starting 

Point) 

 

BCS Class 

Drug Solubility pH 

1.2 

Drug Solubility pH 

6.8 

Drug 

Permeability 
Preferred Procedure 

I High High High >85% Dissolution in 15 min; 30 min, f2., pH = 6.8. 

II-A Low High High 

15 min at pH=1.2, then 85% Dissolution in 30 min., 

pH = 6.8; F2>50; 5 points minimum; not more than 

one point > 85%. 

 

II-B High Low High >85% Dissolution in 15 min., pH = 1.2. 

II-C Low Low High 

15 min at pH=1.2; then 85% Dissolution in 30 min., 

pH = 6.8 plus surfactant*; F2>50; 5 points minimum, 

not more than one point > 85%. 

III High High Low >85% Dissolution in 15 min., pH = 1.2, 4.5, 6.8. 

IV-A Low High Low 

15 min. at pH = 1.2; then 85% Dissolution in 30 min., 

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. 

IV-C Low Low Low 

15 min at pH=1.2; then 85% Dissolution in 30 min., 

pH = 6.8 plus surfactant*; F2>50; 5 points minimum, 

not more than one point > 85%. 

 



BCS Dissolution Proposal 

This is too much to digest in one seminar 

The USP can not do this because of it’s 

charter 

The FDA can not do this because of the 

legal basis for proprietary information 

This is how we do business (develop 

products) 



BCS and Dissolution 

Conclusions 
New BE Paradigm 

Reduce Unnecessary In Vivo Studies 

Increase Oral Product Quality 

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

It is up to us! 

 

 


