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CHAPTER 7. DESIGN OF 
CONTROLLED RELEASE DEVICES

MAJOR COMPONENTS OF 
CONTROLLED RELEASE DOSAGE FORMS

1. DRUG
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ORAL OSMOTIC (OROS) SYSTEM

Semi-permeable 
membraneDrug

Water Water

Water

2. DRUG DELIVERY MODULE 3. PLATFORM
RATE CONTROLLER
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RESERVOIR

Biocompatibility

Mutual effects
between body
and dosage form

Drug Property

Molecular Weight
Stability
Solubility

Administration Route

  Oral, Pulmonary,
  Transdermal,
  Implantable,
  Parenteral

Optimum
Dosage

Targeting

Organ
Tissue
Cell
Cell components

Release Mechanism

Continuous delivery
Modulated delivery

   Duration of Release

Delivery Vehicle

Polymer
    Size & Shape
Cell
Tissue

Dosage
Form

SIZE & SHAPE OF DDS

A. NANOPARTICLES

B. MICROPARTICLES
LIPOSOMES
RED BLOOD CELLS PLATELETSRED BLOOD CELLS, PLATELETS
SYNTHETIC POLYMER MICROPARTICLES

PHARMAZOME, MICROSPONGE

C. MACRODEVICES
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Individual molecules & nanoparticles

1 nm 10 nm 100 nm 1 μm 10 μm 100 μm 1 mm

200 μm200 nm

Microparticles Macrodevices

Antibody-drug
complex

Nanosphere
Microsphere

Tablet

Drug included
cyclodextrin

complex

Drug-polymer conjugate

Virus
Liposome

Erythrocyte

Capsule

Implant

Osmotic device

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION\

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

A. SIMPLE COACERVATION 
(=PHASE SEPARATION)

1. AQUEOUS POLYMER SOLUTION 
(GELATIN, ANY WATER-SOLUBLE POLYMER)

2. ADD STRONGLY HYDROPHILIC SUBSTANCE
(NON-SOLVENTS TO GELATIN: ETHANOL, ACETONE.(
OR SALTS: SODIUM SULFATE

DEHYDRATION (DESOLVATION) OF GELATIN)

• FORMATION OF GELATIN-RICH PHASE IN WATER
(SEPARATION OF GELATIN FROM WATER)

PROTEIN PURIFICATION: SALTING OUT
(PURIFICATION OF FIBRINOGEN BY GLYCINE)

A. COMPLEX COACERVATION 

1. AQUEOUS POLYMER SOLUTION 
(GELATIN, ANY WATER-SOLUBLE POLYMER)

2. ADD ANOTHER POLYMER OF OPPOSITE CHARGE
(ELECTROSTATIC INTERACTIONS)
GUM ARABIC OR GUM ACACIA (POLYANIONS)

• FORMATION OF COMPLEX COACERVATION
(1-10 μm MICROPARTICLES)

1940-50: CARBONLESS CARBON PAPER: 

SCRATCH-N-SNIFF SCENT STRIPS

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

CONVENTIONAL METHOD
-COACERVATION CONVENTIONAL METHOD

-SOLVENT EVAPORATION
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ALKERMES' 
PROLEASE TECHNOLOGY MICROCAPSULES PREPARED BY 

SOLVENT EVAPORATION OR EXTRACTION

ALKERMES (PROLEASE®)
SOUTHERN BIOSYSTEMS
WEST PHARM. SERVICES
ETHYPHARMETHYPHARM
POLYMICROSPHERES
ADVANCED NANOTECH

2-LAYER MC 3-LAYER MC
PROTEIN

DRUG

NEW METHOD OF MAKING MICROCAPSULES:
SOLVENT EXCHANGE METHODS

PLGA

(POLY(LACTIC-CO-GLYCOLIC ACID)

Solvent exchange method + 2 CIJ system

Collection bath

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION (NYLON)
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION (WAX)
F. SPRAY DRYING
G. SPARY COATING

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING

MICROENCAPSULATION

A. COACERVATION (=PHASE SEPARATION)
SIMPLE & COMPLEX COACERVATION\

B. SOLVENT EVAPORATION & EXTRACTION
C INTERFACIAL CROSSLINKINGC. INTERFACIAL CROSSLINKING
D. INTERFACIAL POLYMERIZATION
E. HOT MELT MICROENCAPSULATION
F. SPRAY DRYING
G. SPARY COATING
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WURSTER PROCESSING = 
FLUID BED COATING (AIR SUSPENSON TECHNIQUE)

PAN COATING

SUGAR COATING


