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v' Microencapsulation is a process in which very tiny droplets or

particles of liquid or solid material are surrounded or coated with
polymeric, waxy or protective material.

v" The product obtained by this process is called as micro particles,
microcapsules.

v Particles having diameter between 3 - 800um are known as micro
particles or microcapsules or microspheres.

v" Particles larger than 1000um are known as Macroparticles .




Generally Micro particles consist of two components
a) Core material

b) Coat or wall or shell material.
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Microcapsules Microspheres

Microcapsules: micrometric reservoir systems
Microspheres: micrometric matrix systems



ifference Microcapsule and Capsule

Fill Material

Shell
Microsphere Microcapsule



ADVANTAGES:

v To Increase of bioavailability.

v" To alter the drug release.

v" To improve the patient’s compliance.

v" To produce a targeted drug delivery:.

v" To reduce the reactivity of the core in relation to the outside environment.
v" To decrease evaporation rate of the core material.(Reduction of volatility)

v" To convert liguid to solid form & To mask the core taste.



FUNDAMENTAL CONSIDERATION:

Microencapsulation

Core material

/\ Coating material Ve/hicle\

Solid Liquid -

Polymers Aqueous Non aqueous

Waxes

Resins

Proteins

Polysaccharides
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— List of coating matenial:-
Water soluble | Water Wax & | Enteric
resin insoluble lipid resin

resin
Gelatin, Ethyl cellulose, |Paraffin, | Shellac,
Gum arabic, Polyethylene, Carnauba | Zein,
PVP, Polymethacrylate | Wax, Cellulose
CMC, Cellulose nitrate, | Bees wax, |acetate
Methyl cellulose, | Silicones. Stearic | Phthalale
Arabinogalactan, :C'd” l
: teary

Polyvinyl
aer;,latey alcohol.
Polyacrylic acid.
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ROLE OF POLYMERS:

v Polymers are substances of high molecular weight made up

by repeating monomer units.

v'Polymer molecules may be linear or branched, and separate

linear or branched chains may be joined by crosslinks.

v'Polymers are used widely in pharmaceutical systems as
coating materials and, a components of controlled, site-
specific drug delivery systems, reduction of toxicity, increase

therapeutic efficiency.



~— Polymers Used For Preparation

Synthetic Polymers
Non-biodegradable:
PMMA
Acrolein »Natural Polymers
Glycidyl methacrylate (P:;Orts(;?]; 0
Epoxy polymers Chemically modified carbohydrates

Biodegradable:
Lactides & Glycolides & their copolymers
Polyalkyl cyano acrylates
Polyanhydrides




MICROENCAPSULATION TECHNIQUES:

J General Methods:

»  Single Emulsion Techniques
» Double Emulsion Techniques

J Physical Methods:

“—.—
» Phase separation coacervation technique l rk
{ |

d Mechanical Methods:

» Spray drying & congealing bttt
» Fluidized Bed Technology
» Solvent evaporation

» Pan Coating

» Rotational Suspension Separation ,g
» Extrusion — |

u-rd:i:.
» Nozzle Vibration Technology

» Multiorifice Centrifugal Process



Single emulsion techniques

‘ Aqg.solution/suspension of polymer

\l, Stirring, sonication

Dispersion in organic phase oil/chloroform

‘ Cross linking

Heat denaturation Chemical
‘1' | l cross -linking
‘ Microspheres in organic phase ! Microspheres in organic phase

l Centrifugation, Washing, Separation

Microspheres
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Double emulsion techniques

‘ Aqg.sol of polymer + drug

Dispersion in organic phase
Homogenization or sonication

i First emulsion I

l Addition to ag. Sol. Of PVA

‘ Multiple emulsion

l Addition to large aqg. phase

‘ Microsphere in solution

\l, Separation, washing, drying
Microspheres



COACERVATION / PHASE SEPARATION:
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Polymeric
Membrane

Process consist of 3 phases:
1.Formation of three immiscible phase

2.Deposition of coating

3.Rigidization of coating.



| Phase Separation Coacervation Technique

Drug

Phase separation induced by different means

Hardening

Separation, Drying
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Step: 1) Three immiscible phases are as:
a) LMVP
b) Core material phase
c¢) Coating material phase.

Coating material phase formed by utilizing following methods:
A) Temperature change.
B) By addition of incompatible polymer
C) By non-solvent addition

D) By salt addition
E) Polymer-polymer interaction.

15



~A)Temperature change:- —_—

Core material: N-acetyl p-aminophenol

Polymer:-  ethyl cellulose
Solvent: cyclohexane.
EC + Cyclohexane > Polymer solution + N-

acetyl p-aminophenol (1:2)

|

Gelation & solidification of
coating occur

|

Collected by filteration, decantation &
centrifugal technique.
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~ B) Addition of incompatible polymer:-
Core material: Crystalline methylene blue HCI
Coating material: Ethyl cellulose
Solvent: Toluene

Incompatible polymer: Polybutadiene.

EC + Toluene —— mixture + methylene blue HCI (1:4)
550C

EC solidify by adding non-solvent hexane,
Collected by titration & drying technique.

—
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/ﬁy Non-solvent addition:-

Core material: Methyl scopolamine HBr
Coating polymer: Cellulose acetate butyrate
Solvent: Methyl ethyl ketone
Non-solvent: Isopropyl ether.

CA butyrate + Methyl ethyl ketone —— mixture + methyl
scopolamine

55°C

mixture + isopropyl ether
(slowly cool at room temp.,
collected by centrifugation & drying)
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~ @) By salt addition:-

Core material: oil soluble vitamin
Oil: corn oll

Aq. phase: water

Polymer: gelatin

Salt: sodium sulphate

Salt : emulsion ratio is 4:10.

Oil soluble vitamin + corn ol mixture + water +
sodium sulphate

(oil droplet coated uniformly with gelation)

19



By polymer-po intera
* Core material: Methyl salicylate

* +ve charge polymer: Gelatin
* -ve charge polymer: Gum arabic

SJACKETED COATING CORE MATERI AL
SOLUTION PRE—MIX TANKS STORAGE
g 7 e
S .
SouID
(——
IACKETED
ENCAPSULATION TANK
e s
CONCEMNTIEATION CQLIPMENT ORYING EQLUINirrpneEmnN T
tOPTIONAL ) . toaPTIONAL)
=i T e = FLUOIDIZED BEO
*EXTRACTOR _— "o -TRAY
~CENTIRIFUGE - ESPFtAY
E ~FREEZE

M. WB-ARAR. Flow diagrarrt of a typical phase-separatiore/
COCeTINItiorn process. (Frormre Bakarr.=E)
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Ag. Gum arabic + Ag. Gelatin——— mixture + water

4.5 pH, 40-50 °C

polymer interact to causes phase separation
warm

mixture + methyl salicylate

b

slowly cooled the mixture at 25 °C over 1 hr

rigidization of coating is done by cooling
microencapsule at 10 °C

21



| Polymerization Techniques |

1. Normal polymerization

1 Polymerization

Mould/ mechanical
fragmentation

i |
f |
{ |
f |
{ |
i |
{ I
i |
i |
i |
i |
i |
f |
{ |
{ |
i |
| |

Fig.-Schematic for Bulk Polymerization
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2. Interfacial Polymerizationi,4

Polymerization

Separation, Washlng, Drying

Dispersion with vigorous
stirring
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'SPRAY DRYING & CONGEALING ( COOLING):

Mozzle Feristaltic

—— LM
Heatar \ T J—
— o ——— - g
—_ e
|..-'" e e A [ 1 . T
- < P Aspirator
| - ampla, \ .
T 5 5 ."'J-F -‘—l
.'.I:I.-. L ___ _ » I. ]
Tempsarature ]
e Sensor

Dirying >

chamber |

Air intake | L J \_‘ |

~— - Cyclone
| | Filter
Collecting |
vassel
|

spray = aqueous solution / Hot air

0 0000

spray = hot melt/cold air




Expansion

zone
Process o Starting
chamber material
Inlet Air distributor "
air part Process air (] |
Sorfluldaation |
and drying
Discharge pipe >
Classifying air «
Final product

Fluidized bed principle




_ SOLVENT EVAPORATIO

Formation of a solution/dispersion of

Active Polymer
Ingredient + Volatile organic solven§ =

Organic Polymeric Phase ]

/ l

Formation of Oil-in-Water
Emulsion

Ad(dition into an aqueous
phase (+o/w stabilizer)

l <—Femperature increase

[ Solvent Evaporation ]

'

Particle Formation by ]

Polymer Precipitation

'

N
N
N

MICROPARTICLES

[ RECOVERY OF POLYMERIC ]

the drug into an organic polymer
phase.

Emulsification of the polymer phase
into an aqueous phase containing a
suitable stabilizer, thus, forming a o/w
emulsion.

Removal of the organic solvent from
the dispersed phase by extraction or
evaporation leading to polymer
precipitation and formation of the
microspheres.



: Pan Coating:
» The coating solution is applied
as atomized spray to the solid

core material in the coating pan.

e
\

» To remove the coating solvent
warm air IS passed over the

coated material.

» By using this technique larger sized particles

will be coated effectively.




_Rotational Suspension Se ion:

ntmgphas "Zpherical" i -
(ee maten o) Y Cose Matesil » In this process, core material
C{U(—— dispersed in a liquid shell
g . formation is fed onto a rotating
o LN 00T O I disk.
—\7<-I—I—|_\_|:H_)_A_\_\AAA
Rotate
Spinming Disk

» A flat disk is shown, but conical
or bowl shaped disks can be used.

» Individual core particles coated with a film of shell formation are flung off the
edge of the rotating disk along with droplets of pure coating material.

» When the shell formation is solidified,(e.g.. by cooling) microcapsules are
produce.



This method was first patented in 1957.

The process involves forcing a core material dispersed in a molten
carbohydrate mass through a series of dies, into a bath of dehydrating
liquid.

When contact with the liquid is made, the carbohydrate case hardens to
entrap the core material.

The extruded filaments are separated from the liquid bath, dried using an
anti-caking agent such as calcium tripolyphosphate .

This process is particularly useful for heat labile substances such as flavors,
vitamin C and colors.



Multi-orifice CentrifugaliProcess /
/

~

5,COATING MATERIAL
INLET GROQVES

g 6. COATING TTTTT7 ]
1 SWRI develop a mechanical R 7/ 41 oo e
process that utilizes centrifugal
forces to hurl, a core material
particle through an enveloping 3 (Bt T
9COATiNG. 1 \7.COUNTER ROTATING DISC
membrane. e
/ [,
- Production rate of 50 to 75 (L
4 | RorATNG
pound/hr have been achieved M
_ _ FIG. 13-45. Sectional diagram of multiorifice-centrifugal
with this process. microencapsulation apparatus. (From Mattson.>® Cour-

tesy Conover-Mast Publications, Inc.)



~_Centrifugal extrusion:

Core Materal
Shell Shall
material jl r wmaterial
el p-
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= =

shell sohdifies
by coolz air

Shell zellad by inumersion [@ @@

in gelling hath trelling Bath




E VIBRA

Frequency

(300 - 4000 Hz)

Vibration superimposed
on the froe it

£ X o (T
Bead - 0:

Droplet formation based on the nozzle vibration technology (Weber, 1931)
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%ncapsu&ztion processes &, their applicabilities:-
process Applicable Approx. particle
core material | size (micron)
Al suspension solid 35-5000
Coacervation phase Solid & liquid | 2-5000
separation
Pan coating solid 600-5000

Spray drying & spray Solid & liquid | 600.
congealing

33



- Evaluation of Microencapsulation:-

1) Morphology
2) Drug content
3) Bulk density
4) Angle of repose
5) Particle size determination
6) Determination of % drug entrapment
7) In vitro dissolution
8) Stability studies.

34



_ Partical Size and Shape:
Conventional light microscopy-
Used to determine the shape and outer structure of the microparticles.

Scanning electron microscopy-
It can be used for the investigation of double walled systems.

Conflocal fluorescence microscopy-

used for the structure characterization of multiple walled
microspheres.

It allows visualization and characterization of structures not only on
the surface, but also inside the particals. '
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Electron spectroscopy for chemical analysis:

Used to determine surface chemistry of the microspheres.

ESCA provides a means for the determination of the atomic

composition of the surface.

The spectra obtained using ECSA can be used to determine the surface

degradation of the biodegradable microspheres.

36



Attenuated total reflectance Fourier Transform- Infrared Spectroscopy

FT-IR is used to determine the degradation of the polymeric matrix of the
carrier system.

The IR beam passing through the ATR cell reflected many times through
the sample to provide IR spectra mainly of surface material.

The ATR-FTIR provides information about the surface composition of the
microspheres.

37
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Density determination.

The density of the microspheres can be measured by
using a multi volume pychnometer.

The chamber containing the sample s first
pressurized with a gas, preferably helium. Subsequent
expansion of this gas into a precisely measured
volume results in a pressure drop.

The sample volume and density are then easily
calculated from the two pressure readings as
displayed on the digital indicator

=y
g

] ‘?!
r'_‘_:

\

——
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Isoelectric point:

The micro electrophoresis is an apparatus used to measure the

electrophoretic mobility of microspheres from which the isoelectric
point can be determined.

By using this data the electrical mobility of the particle can be
determined.

39
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Angle of contact

The angle of contact is measured to determine the wetting property of
a micro particulate carrier.

It determines the nature of microspheres in terms of hydrophilicity or
hydrophabicity.

The angle of contact is measured at the solid/air/water interface.

40
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Release Studies

The drugs could be released through the microspheres by
any of the three methods.

Osmotically driven burst mechanism
> Pore diffusion mechanism
Erosion or degradation of the polymer

Release studies for microspheres in phosphate saline buffer of Ph
[ .4,are carried out using-

Rotating paddle apparatus
Dialysis method

41



LICATIONS :

MEDICINE | VETERINARY

HOUSEHOLD &
PERSONAL CARE

FOOD

FEED

BIOTECH
APPLICATION

ELECTRONICS MARKETS PHARMACEUTICAL
OF MICRO-
GRAPHICS & ENCAPSULATION CHEMICAL
PRINTING INDUSTRY
PHOTOGRAPHY AGRICULTURE

TEXTILE WASTE
TREATMENT
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~ Application:-
Taste masking e.g. acetaminophen.
Sustain release e.g. aspirin, isosorbide dinitrate.
Conversion of liquid to solid e.g. clofibrate
Odor masking e.g. castor oil, cysteine.

Reducing gastric irritation e.g. phenylbutazone.

Stabilization to oxidation e.g. vitamin

43
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Applications of microencapsulation

-
Protection of reactive material from environment

a) hygroscopic properties
b) stability of vitamin A
c) reduce volatility

Taste masking of bitter Drugs
e.g. aspirin , acetaminophen , ampicilin , etc .

44
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Drugin
an aqueous solution
Polymer in
organic solvent
. e Ultrasonic
Ultrasonic —— 1 ™ generator
atomizer

Collection bath i Collection bath
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~__— Taste masking
e.g. aspirin, acetaminophen , ampicilin, etc

MicroPX Pellets = -
Drug + Excipients Seal Coating

Taste-masking 46
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Targeted drug dellvery

Bone targeting ‘
nanocarriers that i'
release their

Payload following
attachment to the
target site. .

Payload release m o
Oczur b natjreal - ol

y Release |I8
Nanocarrier of Proteins |
degradation

application of . 4
external stimuli ’ i




Protein stability®

Protein/Coacervate lonic Layer
Stabilization Polymers/Biopolymers ~ Development




Drug delivery

Microencapsulation as controlled release delivery
systems.

These systems allow controlling the rate, duration
and distribution of the active drug. With these
systems, micro particles sensitive to the biological
environment are designed to deliver an active drug in
a site-specific way (stomach, colon, specific organs).

One of the main advantages of such systems is to
protect sensitive drug from gastric environment. and
to reduce the number of drug administrations for
patient.

49
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Agricultural and Industrial

Pesticides, fungicides and fumigants
Animal feeds, seeds

Veterinary formulations

Paints and coatings

Catalysts, resins, adhesives
Pigments, dyes, colorants
Lubricants and additives

Inks

Toys and novelty items
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_CONCLUSION: — =

The microencapsulation technique offers a variety of opportunities such as
protection and masking, reduced dissolution rate, facilitation of handling, and
spatial targeting of the active ingredient.

This approach facilitates accurate delivery of small quantities of potent drugs,
reduced drug concentrations at sites other than the target organ or tissue and
protection of labile compounds before and after administration and prior to
appearance at the site of action.

In future by combining various other approaches, microencapsulation
technique will find the vital place in novel drug delivery system.
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