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Properties of Drug Substances that 
Influence Dosage Form Performance

• Drug Substance Properties
• Physical
• Chemical
• Mechanical
• Biological
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• Biological



Properties of Drug Substances, Excipients 
and Formulations that Influence Dosage 
Form Performance

• Drug Substance Properties
• Physical
• Chemical
• Mechanical
• Biological
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• Biological

• Excipient Properties
• Physical
• Chemical
• Mechanical
• Biological

• Route of Administration
• Formulation & Process Selection



Key Physical Properties
• % Crystallinity
• Polymorph
• Melting Point
• Particle Size, Shape and Size Distribution
• Hygroscopicity
• Aqueous Solubility as a function of pH, pKa
• Partition Coefficient (octanol-water)
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• Partition Coefficient (octanol-water)
• Mechanical properties
• Density (Bulk, Tapped, True)
• Solubility in Organic Solvents
• Solubility in presence of surfactants  (eg Bile Acids)
• Dissolution Rate (from Constant Surface Area)
• Wettability
• Specific Surface Area

Reference:  Amidon, G.E., He, X., Hageman, M.J., Burgers Medicinal Chemistry and Drug 
Discovery, Vol 2, Ch 18, Donald J. Abraham Editor, Wiley-Interscience, (2004).
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Key Chemical Properties

• Ionization Constant (pKa)
• Solubility Product (Ksp) of Salt Forms
• Chemical Stability in Solution
• Chemical Stability in Solid State
• Photolytic Stability
• Oxidative Stability
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• Oxidative Stability
• Incompatibility with Formulation Additives
• Complexation with Formulation Additives

Reference:  Amidon, G.E., He, X., Hageman, M.J., Burgers Medicinal Chemistry and Drug 
Discovery, Vol 2, Ch 18, Donald J. Abraham Editor, Wiley-Interscience, (2004).



Key Biological Properties

• Partition Coefficient (octanol-water)
• Membrane Permeability

• CACO2
• Other …

• Human Oral Absorption
•
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• Human Oral Absorption
• Other…..

Reference:  Amidon, G.E., He, X., Hageman, M.J., Burgers Medicinal Chemistry and Drug 
Discovery, Vol 2, Ch 18, Donald J. Abraham Editor, Wiley-Interscience, (2004).



Biopharmaceutical Property 
Characterization

• Should be assessed for:
• Every form for which there is a possible interest in 

development
• Polymorphs
•
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• Salt forms
• Amorphous

• Every form that can form in vivo
• Hydrates
• Salts (especially HCl)
• Less soluble forms

• Free acid or free base
• Other polymorphs



Approaches to First in Human (FIH) 
studies 
• Commercial Formulation Approach

Use a clinical formulation that is a functional progenitor 
of the desired commercial formulation.

• Exploratory Formulation Approach
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• Exploratory Formulation Approach
Use the simplest possible formulation consistent with 
the clinical goal of the early phase studies.
• API Only: “Powder in a bottle or capsule approach”
• “Exploratory formulations” 

• Which one and why?
The goal is to achieve adequate exposure from a 
“dosage form” of adequate quality.



Oral formulations with varying degrees of 
complexity

Increasing ComplexityIncreasing ComplexityIncreasing ComplexityIncreasing Complexity

API in Bottle – solution preparation in clinic 
API in Capsule

API in Bottle – suspension prep in clinic
API 
only
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API in Bottle – suspension prep in clinic

Solution (incl refg or frozen)
Aqueous suspension

Simple Formulated Capsule
Simple Formulated Tablet

Solid dispersion
Solubilized formulation

Modulated release

Exploratory 
Formulations

APIº Active pharmaceutical Ingredient
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Failure of drugs at various stages: 1997
Cumulative % Failures

50%     62%     85%   87%    90%
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Some Clinical Goals Favoring API Only or 
Exploratory Formulation Approaches

• BCS Class I Compound (High Solub., High Perm.) 

- How about (Class II?, Class III? , Class IV?)

• Variations in clearance between preclinical species
• Screening IND for multiple drug candidates
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• Screening IND for multiple drug candidates
• Micro-dose evaluations 
• Enzyme inhibition / Drug interaction
• Prodrugs designed for enzymatic conversion
• Challenging bioavailability issue (Class II, III, IV, V)
• Predictability of efficacy models poor (e.g. CNS vs ID)
• Etc…..
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• Screening IND for multiple drug candidates
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Unique demands & opportunities 
of FIH studies.

• Dosing flexibility 
• To specific plasma concentration
• To provide mg/kg dosing

• Potentially wide dose range

14

• Potentially wide dose range
• Active Pharmaceutical Ingredient (API)

• Limited availability
• Minimal analytical experience
• Not characteristic of commercial process

• Minimize time between GLP - FIH
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• Potentially wide dose range
• Active Pharmaceutical Ingredient (API)

• Limited availability
• Minimal analytical experience
• Not characteristic of commercial process

• Minimize time between GLP - FIH



Some characteristics of FIH studies
• Moderately high failure rate
• Unknown human PK
• Short duration of clinical study
• Small numbers of patients
• Flexibility in clinical site interactions
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• Flexibility in clinical site interactions
• Onsite formulations / compounding
• Often only single site 

• Significant impact on drug design / product
• Clinic is part of Discovery Funnel
• Clinic is part of formulation strategy decision



Resources and Timelines for 
Commercial vs. Exploratory Approaches

First manufacturable

prototype

FIH

FIH

Commercial Approach

Phase I SD

Assume Successful First Candidate

Phase I SD

Phase I MD
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FIH
Exploratory Approach

Commercial Approach

Exploratory Approach

Resource Usage

Phase I MD

Additional Development time is 
needed if FIH is successful
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FIH
Exploratory Approach

Commercial Approach

Exploratory Approach

Resource Usage

Phase I MD

Additional Development time is 
needed if FIH is successful



Resources and Timelines for 
Commercial vs. Exploratory Approaches

FIH Commercial Approach

Compound 1

FIH Failure of Compound 1

X

Phase I SD
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2
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FIH Exploratory Approach

Commercial Approach

Exploratory Approach

Resource Usage

2

1

FIH

X

Phase I SD



Benefits of Exploratory Formulation Approach

• Resource savings
• Reduce Formulation/Analytical resources on clinical failures
• Reduce early API demand

• Greater speed in acquiring critical information
• Feedback to discovery 

• Shortens time to market candidate discovery
•
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•
• Enhances Discovery / Development overlap
• Capture key intellectual property sooner

• Better definition of formulation requirements

• Better focus
• Greater fraction of effort on market formulations
• More time/better definition for difficult challenges



Biopharmaceutical assessment provides 
information needed to select a solid form 
and develop a plan for clinical formulation

Good

Potential Problem

Bad
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· What solid form should be developed?
· Should a resource sparing FIH approach 
be taken?

The biopharmaceutical information can 
also help decide what dosage forms, 
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also help decide what dosage forms, 
processes and approaches should be 
considered.



Biopharmaceutics 
Classification System

The Biopharmaceutics Classification System can help 
identify appropriate dosage forms to consider

Solubility
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Solubility

High Low

Permeability
High Class I Class II

Low Class III Class IV



BCS Boundaries (FDA)
• A drug substance is considered HIGHLY SOLUBLE when the 

highest dose is soluble in < 250 ml water over a pH range of 1 
to 7.5. (eg: 1 mg dose = 4mg/mL solubility) (WHO: 1.2 – 6.8)

• A drug product is considered to be RAPIDLY DISSOLVING 
when > 85% of the of drug substance dissolves within 30 
minutes using USP apparatus I (100 rpm) or II (50 rpm) in a 
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minutes using USP apparatus I (100 rpm) or II (50 rpm) in a 
volume of < 900 ml buffer solutions. (WHO: II (75 rpm))

• A drug substance is considered HIGHLY PERMEABLE when 
the extent of absorption in humans is determined to be > 90% 
of an administered dose, based on mass-balance or in 
comparison to an intravenous reference dose. (WHO:  > 85%)

Reference: http://www.fda.gov/cder/OPS/BCS_guidance.htm
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Dosage form PERFORMANCE CRITRIA
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Drug Delivery Alert System

Severe Risk of Drug 
Delivery Problems
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Low Risk of Drug 
Delivery Problems



Biopharmaceutics 
Classification System

The Biopharmaceutics Classification System can help 
identify appropriate dosage forms to consider
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BCS as a tool to select formulation options

28
Ref: Amidon, He, Hageman, Burgers Medicinal Chemistry, 6th Edition, Vol 2, Ch. 18 
(2004).



Class IClass I Formulation Options

• No major challenges for immediate 
release dosage forms

• FIH is “straightforward”
• Controlled Release dosage forms may be 

High Solubility / High Permeability
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• Controlled Release dosage forms may be 
needed to limit rapid absorption profile

BCS considerations:

• Biowavers may be granted if rapidly 
dissolving (>85%/30min) or very 
rapidly dissolving (>85%/15 min)

• Dissolution is influenced by particle 
size and distribution

Dosage form considerations:

• Content Uniformity (particle size and 
distribution)

• Stability
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Particle size required to achieve 
Acceptable Content Uniformity

Given: known median particle size (d50) 
& distribution (sg ) assuming log normal dist

Assume: particles end up 
in a dosage form based on 
“random chance”
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Eg: tablet die or capsule

“random chance”

B.R. Rohrs, G.E. Amidon, R.H. 
Meury, P.J. Secreast, H.M. King, 
and C.J. Skoug.. J Pharm Sci. 
95:1049 (2006).



Particle Size and Distribution 
Necessary to Pass USP 25 
Stage I Content Uniformity for 
Tablets

Maximum  Mean Volume Particle Diameter, d50 (mm) 
Predicted to Pass USP Content Uniformity Test (99% Confidence) 
as a Function of Geometric Standard Deviation (sg) and Dose (mg)

M
ax

im
um

 G
eo

m
et

ric
 M

ea
n 

V
ol

um
e 

P
ar

tic
le

 D
ia

m
et

er
 (

d 50
),

 m
m

100

1000

sg

1.0

1.5

2.0

2.5

3.0

3.5

4.0

d
90

/d
50

1.0

1.7

2.4

3.2

4.1

4.9

5.8

Example:    1 mg dose

sg d50 .

1.0 (monodispersed) ~150 um
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Dose, mg
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B.R. Rohrs, G.E. Amidon, R.H. Meury, P.J. 
Secreast, H.M. King, and C.J. Skoug.. J Pharm Sci. 
95:1049 (2006).

1.0 (monodispersed) ~150 um
1.5 (narrow) ~110 um
2.0 (moderate) ~  70 um
3.0 (broad) ~  25 um 
3.5 (very broad) ~  15 um



Class IIClass II Formulation Options

Formulations Designed To Overcome 
Solubility or Dissolution Rate Problems

• Particle Size Reduction
• Salt formation
• Precipitation inhibitors
• Metastable forms
• Solid Dispersion

Low Solubility / High Permeability
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• Solid Dispersion
• Complexation
• Lipid Technologies
• Combinations of above:

• Solid Lipid Nanoparticle Dispersion

Dosage form considerations:

• Content Uniformity (particle size and 
distribution)

• Stability

BCS considerations:

• WHO Biowavers may be granted if 
rapidly dissolving (>85%/30min) at 
pH=6.8 and highly soluble at pH=6.8 (eg: 
acids)

• Dissolution is influenced by particle size 
and distribution
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Particle Size Required to achieve 
Acceptable Dissolution
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dm/dt = Dissolution Rate, mass/sec

D = Diffusion coefficient  ~ 8 x 10-6 cm2/sec

A = Surface area, cm2

h = diffusion layer, cm

a = particle radius

S = Solubility, mass/cm3
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Particle Diameter to Achieve 85% dissolved 
in 30 minutes (under sink conditions)

100

P
ar

tic
le

 D
ia

m
et

er
 to

 A
ch

ie
ve

 
85

%
 

di
ss

ol
ve

d 
in

 3
0 

M
in

36
36

1

10

1 10 100 1000

P
ar

tic
le

 D
ia

m
et

er
 to

 A
ch

ie
ve

 
di

ss
ol

ve
d 

in
 3

0 
M

in

Solubility in ug/mL

Monodispersed

Sigma = 2.0

Sigma = 3.0



Class III Formulation Options

Approaches To Improve Permeability
• Prodrugs
• Permeation Enhancers
• Ion Pairing

High Solubility / Low Permeability
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• Ion Pairing
• Bioadhesives

Dosage form considerations:

• Content Uniformity (particle size and 
distribution)

• Stability

BCS considerations:

• Biowavers may be granted if very 
rapidly dissolving (>85%/15min)

• Dissolution is influenced by particle 
size and distribution
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• Ion Pairing
• Bioadhesives

Dosage form considerations:

• Content Uniformity (particle size and 
distribution)

• Stability

BCS considerations:

• Biowavers may be granted if very 
rapidly dissolving (>85%/15min)

• Dissolution is influenced by particle 
size and distribution



Class IVClass IV Formulation Options

• Formulation would have to use a combination 
of approaches identified in Class II and Class 
III to overcome dissolution and permeability 
problems

• Strategies for oral administration often require 

Low Solubility / Low Permeability
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• Strategies for oral administration often require 
unique (and expensive) technologies. Often 
use alternative delivery methods, such as 
intravenous administration.



Class V Formulation Options

Approaches To Stabilize Or Avoid 
Instability

• Prodrugs

Unstable Compounds
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• Prodrugs
• Enteric Coating (protection in stomach)
• Lipid Vehicles

(micelles or emulsions/microemulsions)
• Enzyme Inhibitor
• Lymphatic Delivery

(to avoid First Pass Metabolism)
• P-gp efflux pump inhibitors 
• Lipid Prodrugs



BCS as a tool to select formulation options

41
Ref: Amidon, He, Hageman, Burgers Medicinal Chemistry, 6th

Edition, Vol 2, Ch. 18 (2004)



Oral formulations with varying degrees of 
complexity

Increasing ComplexityIncreasing ComplexityIncreasing ComplexityIncreasing Complexity

API in Bottle – solution preparation in clinic 
API in Capsule

API in Bottle – suspension prep in clinic

API in

a Bottle
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API in Bottle – suspension prep in clinic

Solution (incl refg or frozen)
Aqueous suspension

Formulated Capsule
Formulated Tablet

Solid dispersions
Solubilized formulations

Modulated release

Exploratory 
Formulations

APIº Active pharmaceutical Ingredient



Conclusions
• Selection and characterization of the proper 

solid form(s) is necessary
• First in Human dosage form options can be 

identified based on an understanding of the 
physical, chemical, and permeability properties 
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physical, chemical, and permeability properties 
of the drug

• The Biopharmaceutics Classification System 
provides a framework within which to work – the 
key components are solubility and dissolution 
rate


