
Handbook of Dissolution Testing, 4th Edition Revised 

 xiii 

Table of Contents 
Dedication v 

Foreword vii 

Introduction ix 

1 OVERVIEW OF DISSOLUTION TESTING 1 

Why Dissolution Testing? 2 
Disintegration Testing 3 
Evolution of Dissolution Testing 5 
Development of Dissolution Testing Standards 12 
Methods of Dissolution Testing 13 

Basket Method 14 
Paddle Method 14 
Reciprocating Cylinder Apparatus 14 
Flow-Through Methods 14 
Transdermal Drug Release Testing 15 

Classification of Dissolution Techniques 15 
Agitation Methods and Hydrodynamics 16 

Rotating Stirrer 16 
Reciprocating 16 
Fluid Movement 16 
Percutaneous Absorption 16 

Defining an Apparatus 16 
Role of USP in Dissolution Testing 17 
Role of FDA in Dissolution Testing 17 
References 18 

2 THEORETICAL CONSIDERATIONS 21 

Definition of the Dissolution Rate 21 
Intrinsic and Apparent Dissolution 21 

USP <1087> Intrinsic Dissolution 23 
Surface Area and Particle Size 24 

Surface Area and Flow Dynamics 26 
Solubility 29 



Handbook of Dissolution Testing, 4th Edition Revised 

 xiv 

Sink Conditions 30 
Input and Output Variables 30 
Beyond Dissolution 32 
References 32 

3 COMPENDIAL DISSOLUTION TESTING OF  
SOLID DOSAGE FORMS 35 

Introduction to Current Methods 35 
The Basket (USP Apparatus 1) 39 

Basket Specifications 39 
Basket Variations 40 

The Paddle (USP Apparatus 2) 42 
Paddle Specifications 42 
Paddle Variations 43 

Compendial Constraints Common to Apparatus 1 and 2 48 
Geometry and Alignment 48 
Eccentricity (Wobble) 48 
Vertical Position of the Basket or Paddle 48 
Stirring Rate 48 
Vessel 49 
Media 50 
Sampling Point 50 
Time 50 
Apparatus Suitability Test 51 

The Reciprocating Cylinder (USP Apparatus 3) 51 
Reciprocating Cylinder Specifications 53 

The Flow-Through Cell (USP Apparatus 4) 53 
Flow-Through Cell Specifications 54 

Summary 57 
References 57 

4 DISSOLUTION TESTING OF SPECIAL DOSAGE FORMS 59 

Transdermal Dosage Forms 59 
Rate-Limiting Processes 60 
Problems Unique to Transdermal Testing 61 
Variables in Percutaneous Absorption Testing 61 
Dissolution of Oral vs. Topical Dosage Forms 62 
Paddle Over Disk (USP Apparatus 5) 64 
Cylinder (USP Apparatus 6) 65 
Reciprocating Holder (USP Apparatus 7) 66 



Handbook of Dissolution Testing, 4th Edition Revised 

 xv 

Vertical Diffusion Cell 67 
Immersion Cell 69 
Suppository Basket 69 
Special Dosage Form Recommendations 71 

Oral Suspensions (Systemic Use) 71 
Orally Disintegrating Tablets and Films 71 
Sublingual Tablets 71 
Chewable Tablets 72 
Gastroretentive Tablets 72 
Granules, Powders, or Pellets Administered with Food or Beverage 72 
Lozenges 72 
Medicated Feeds 73 
Suppositories 73 
Liquid-Filled Capsules 73 
Chewing Gums 73 
Powders, Solid Solutions, and Solid Dispersions 73 
Implants and Micro- and Nano-Particulate Formulations 74 

Summary 75 
References 75 

5 COMPENDIAL CHAPTERS AND REGULATORY  
GUIDANCE FOR DISSOLUTION TESTING 77 

Compendial Dissolution Procedures 78 
USP Chapters 78 
EP Chapters 79 
JP Chapter 80 
ChP Chapter 81 
The International Pharmacopeia 81 

Disintegration Procedures 81 
USP Chapter 81 
EP Chapters 81 
JP Chapter 82 
ChP Chapters 82 

Method Development 82 
USP Chapters 83 
EP Chapter 85 
FDA Guidances 85 
JP Chapter 86 
Dissolution Methods Databases 87 

Method Validation 87 
USP Chapters 87 
ICH Guidance 88 
ChP Chapter 88 



Handbook of Dissolution Testing, 4th Edition Revised 

 xvi 

Bioequivalence and IVIVC 88 
USP Chapters 88 
FDA Guidances 89 
JP Guidances 90 
WHO Specifications for Pharmaceutical Preparations 90 

Specifications 92 
FDA Guidances 92 
ICH Guidances 92 

Equipment Qualification 93 
FDA Guidances 93 
USP Chapter and Website Resources 93 
American Society for Testing and Materials Guidance 94 
Pharmaceutical Inspection Cooperation/Scheme 94 

Harmonization 95 
References 96 

6 CONTROLLING DISSOLUTION APPARATUS  
VARIABILITY 101 

Eccentricity of Stirring Drive (Apparatus 1 and 2) 102 
  105 
  105 
  

Shaft Straightness 
Guiding the Shaft 
Other Stirring Device Variables 105 

Vibration 107 
  Sources of Vibration 108 
  Torsional Vibration 109 

Geometry of Apparatus 110 
Alignment of Stirring Device 110 
  Centering the Stirring Shaft in the Vessel 112 

Agitation Rate 112 
Apparatus 1 (Basket) Variables 113 
Dissolution Media Variables - Dissolved Gas 115 
Deaerating Media 116 
Influence of Released Gases 118 
Media Variables 119 
   pH               119 
   Volume              120 
   Temperature              120 
   Sink Conditions             121 
Flow-Pattern and Vessel Hydrodynamics 122 
Adsorption 124 
Checklist for Variables and Following GMP 125 
References 125 



Handbook of Dissolution Testing, 4th Edition Revised 

 xvii 

7 PERFORMING THE DISSOLUTION TEST AND  
APPARATUS QUALIFICATION 131 

Checklist for the Dissolution Test 131 
Apparatus Maintenance and Qualification 141 
Checklist for General Preventive Maintenance 142 
Inspecting Paddles and Shafts 143 
Checking Eccentricity of Paddles or Baskets 146 
Checking Speed Control 147 
Checking Vibration 147 
Centering Vessels to the Stirring Element Shaft 148 
Distance of Stirring Element from Bottom of Vessel 148 
Dissolution Apparatus Qualification 150 
USP Performance Verification Test 151 
  Compendial Calibration Requirements 152 

ASTM Enhanced Mechanical Qualification 154 
Qualification of Other Compendial and Non-Compendial  

Apparatus 158 
References 160 

8 DISSOLUTION METHOD DEVELOPMENT:  
COMPENDIAL AND REGULATORY CONSIDERATIONS 163 

Intrinsic Dissolution 163 
  Disintegration Testing 164 
  Rupture Testing 164 
  Variations of Methods, Including Equipment 165 

Checklist of Questions for Method Development 165 
Selecting Methods for New Drug Entities 167 
Poorly Soluble Drugs – Inadequate Sink 168 
  Biorelevant Media 170 

Low Concentrations – Difficult Analyses 171 
Problematic Dosage Forms 172 
  Suppositories 173 
  Veterinary Dosage Forms 173 
  Small Bead-Type Extended-Release Preparations & Microspheres 174 
  Long-Acting Parenterals 174 
  Transdermal Patches 174 
  Soft Gelatin Capsules 175 
  Amorphous Solid Dispersions 175 
  Medicated Chewing Gums 176 
  Floating Dosage Forms and Sinkers 176 



Handbook of Dissolution Testing, 4th Edition Revised 

 xviii 

Change in pH During Testing 177 
Making a Good Dissolution Profile 178 
Adding Enzymes to the Medium to Address Cross-Linking 178 
Comparison of Various Dissolution Apparatus 179 
Challenging the Discriminatory Power of the Dissolution  

Method 184 
Linking In Vitro Data to In Vivo Data 184 
  In Vitro and In Vivo Correlations (IVIVC) 184 
  In Vitro and In Vivo Relationship (IVIVR) and Mapping 185 
  Modeling and Simulations 185 
  Bioequivalence and Biowaivers 186 
  Clinically Relevant Dissolution Specifications (CRDS) 186 

Emerging Technologies 187 
  Fiber Optics 187 
  Continuous Manufacturing 187 
  Ultraviolet Imaging 188 
  Biphasic Dissolution 188 
  3D Printing 188 
  Inhalation Product Dissolution 189 

Summary 189 
References 189 

9 METHOD VALIDATION 203 

Accuracy and Recovery 204 
Infinity Point 205 
Specificity 205 
Linearity/Range 206 
Intermediate Precision (Ruggedness) 207 
Method Precision (Repeatability) 208 
Robustness 208 
Filtration 209 
Stability of Standard and Sample Solutions 210 
Manual Testing Versus Automation 211 
Sinkers 212 
Analytical Finish 213 
Computer Software 213 
Cleaning 214 
Method Transfer Considerations 214 
Other Validation Considerations 215 
References 216 



Handbook of Dissolution Testing, 4th Edition Revised 

 xix 

10 AUTOMATION OF DISSOLUTION TESTING 217 

Unit Operations in Dissolution 219 
Automation of Setup 221 
  Deaerated Media 221 
  Washing or Replacing Dissolution Vessels and Filters 222 

Automation of the Dissolution Process 224 
  Introducing the Dosage Form 224 
  pH Change 225 
  Monitoring Values 225 

Automated Sampling 226 
Classification of Automated Sampling Systems 227 
  Collect-Only Systems 229 
  Detect-Only Systems 230 
  Collect and Detect Samplers 231 
  Fiber Optic Systems 232 

Hidden Problems with Automated Samplers 233 
  Sample Probes 233 
  Pumps 233 
  Filters 234 
  Evaporation 235 
  Degradation Products 235 

Automating Analytical Procedures 235 
Data Reduction in Automated Dissolution 236 
  UV Absorbance 236 
  HPLC 236 
  Data Format 237 
  CFR Title 21 Part 11 237 
  Laboratory Information Management Systems 237 

Automating Alternative Dissolution Methods 238 
Summary 238 
References 240 

11 GMPS IN THE DISSOLUTION LABORATORY,  
INCLUDING ROOT CAUSES OF FAILURES & HIGH 
VARIABILITY 243 

Part 1. GMP in the Dissolution Laboratory 243 
Metrology 244 
Documentation 244 
Equipment Qualification, Validation, and Method Critical Factors 245 
Internal Audits 247 
Training Records 248 



Handbook of Dissolution Testing, 4th Edition Revised 

 xx 

Aberrant Data Investigations 249 
Part 2. Root Causes of Failures and High Variability 251 
Equipment 252 
Dissolved Gases 252 
Standard Solutions 253 
Vibration and Mechanical Aberration 253 
Apparatus 254 
Vessels 254 
Method Considerations 255 
Other Considerations 260 

References 263 

Appendix 267 

Index 269 

Acknowledgements 281 

About the Authors 283 




