CHAPTER 11

REVIEW OF LITERATURE
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There are many other processes available to make microcapsules.
Processes which are most applicable to pharmaceuticals are given in Table 1,
which cites the process, the core materials which can be coated, and the
approximate size range of the microcapsules that can be manufactured.

Table 1: Mcmencapsulanan ‘

Process s Nate — | Microcapsule Size (nm)*
Air suspension ' 35-5000
Coacervalion—phase separalio 1 =500
Multiorifice-centrifugal 1-5000
Pan coating G00=5000
Solvent evaporation 1-5000
Spray drying and congealing 5-600

*5000 nm is an arbitrary upper size
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Fig. 1: Typical plasma drug concentration versus time profiles for an

idealized sustained-release microencapsulated product (A) and a conventional
dosage form (B) repeatedly given orally.



Figure 1 shows the typical plasma drug concentration versus time
profile following an oral administration for a single dose of an idealized
sustained-release microencapsulated (A) and for conventional dosage forms
given repeatedly (B). With conventional dosage forms there is a peak-and-
valley effect that tends toward a plateau, because most drugs exhibit

effects. The more frequeg wath dosages of appropriate

size, the smaller will bg g profile and the
faster the plateau will & derlying principle of
microencapsulated oral #osage forms 1ﬂ te ain a portion of the
dosage in a non-sustained-geleds p  ., o eslablish the drug level
quickly in the therapeuticfan “ ined over an extended
period by the progressive K he various microcapsule

fractions present. By combi es with different release

rates in a dosage fo .”r— O=Zero-orier—. \‘ of drug can
be obtained over an E@J ed T
the rate-limiting step from.the release ofydrug from the sustained-release

douge o e b o 4t Va2 T ksl i improves

management of the discuss state with'the use of less total drug andswith fewer

ondsinly sk o\ el bf el i el o rtlion

sustained mle-&se products are often claimed to be convenient and to enhance

of these products is to make

patient compliance (Deasy, 1984).



1 Coacervation Technique
Microencapsulation by coacervation-phase separation was developed in
1950's. The technique was quickly developed because it can be used to
microencapsulate a large number of liquids, solids and gases. The polymers

used to coat the core materials can be both water soluble and water insoluble.

ted with water insoluble

polymer in organic solvents, on-ilie other insoluble core materials

There are two and complex. Simple

coacervation involves loi _t\:\ 3 gelatin in water, and

dispersed colloid by
agents with a greater affinityffor Aviter, it as Various alcohols and salts.

involves removal of th

The dehydrated molecules of ol iend t0 aggregate with surrounding

molecules to form the Cp:
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Complex coacervation involves theyuyse of more than one colloid.
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accomplished mamljr by charge meutralization.of the colloids carrying
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General process of coacervation-phase separation consist of three steps
(Figure 2) carried out under continuous agitation. The first step is formation
of three immiscible phases, the liquid-vehicle phase, the core material, and the
liquid polymer coating., The second step is deposition of liquid-polymeric



coating material on the core materials and the last step is solidification of

coating material.
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In step one the three immiscible chemical phases are formed, where
the core material is dispersed in a solution of the coating polymer, the solvent
for the polymer being the liquid manufacturing vehicle. The core material
and immiscible polymer in a liquid state is form by utilizing one of the
methods of phase separation or coacervation, that is, by simple or complex



coacervation, temperature change, addition of a nonsolvent, or polymer-

polymer incompatibility.

In step two the liquids polymer coating is deposited around the core

material by controlled physical mixing 2 coating and the core material in

formed between the core margus!

This sorption phenomenci h ffe tive coating. The

continued deposition of th eduction of the total

free interfacial energy o il \. ecrease of the coating

material surface area during -j':-_ he 1 .1;\ polymer droplet. Step
three of the process involves golidifyn; the-Coating, usually by thermal, cross

a

LS

2 Fluidization Techn

Fluidization may be defined as an operation in which a solid
l'f? pe
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achieved by pass an upward currept of gas thmugh a bed of sohd particles
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Flmdlzauoa is usually carried out in a cylindrical container or column holding
the powder, which is supported when at rest on a porous plate. Gas is passed
upward through the bed of powder and when the upward velocity reaches a
certain critical value, “the minimum fluidization velocity , the particles are

smoothly suspended. The bed of powder expands to an increased volume. It



is in visible motion, but retains a well defined upper surface. The successive

stages of fluidization are shown in Figure 3 (Mathur, 1994).

From Fig. 3, aBd of pe
introduced. As the upward, flow of fluidizing gas is ionized through the
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(Stage B). Suddenly. there is a bredk in the upiform relation between the
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from static tu mobile (stage C). Further small increases in pressure cause

h"‘ e fluidizing gas is

large increases in flow, and the bed expands considerably with an increase of
voidage and usually the formation of bubbles (stage D). Eventually the lifting
force of the upward gas flow causes particles to be blown out of the bed
altogether and pneumatic transport occurs (stage E). For the pharmaceutical
applications described here, it is generally desirable that the air velocity be



concealed at the “minimum fluidization level”. Thus the upward lifting force
on the bed of particles is just equal to their weight and the bed is just

fluidized.
The particles in a fluidized in a continual state of motion
This results in brushing to ing to static charges,

There are many’ yfri; 1 ‘ affected with final

microcapsules. The first isfheffate oF drying given by eq. ().
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where dw/dt is the weightsof solvent removed per unit time; h the coefficient

of total hea cm%ﬂ@e%ﬂ e ﬁrﬁ%ﬁﬂe‘? ransport ke

place; ﬁTﬂIedlffcrencemte tween the inlet gair and the
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{Carstensen. 1973). Drying generally takes place in three stages; the constant-

rate period, the falling-rate period, and the final drying period.

Since the heat required for drying is conveyed by the inlet air, the
inlet air temperature should be carefully monitored and controlled.
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Excessively high temperatures can lead to hardening of granules, product
stickiness, decrease in product quality, and an uncrossed risk of explosion in
the presence of organic solvents, The product bed temperature and the outlet
air temperature serve as good indicators for the drying process. The volume

of fluidization air rushing through the dryer affects the fluidization of the

flow rates can result in

channeling or hole formation 6f il wd ion af the filter bags, and

umeram or granules.

This enhances the flow pg - powders and reduces
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advantages over conventiong -‘r= quipment. They provide an
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efficient single-vessel process where powderen be mixed, agglomerated and

fines and the risk of segfcg anulators offer several

dried in one operation, " y
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There are three basic.processing approaches evolved in Fig. 4. Each

appronch has Lﬂmw g \degendife o btch size of

product being cuated, functionality of the final geating and typgsof coating
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Fig. 4 : Schematic diagrams forihe: hree types of fluid-bed coating
L i i
processes. (a) Top sg (Wurster), and (C)
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from the dfoplets. Spray-drying technique may produce monodis
flowing particles which can be directly compressed into tablets, filled into

capsules, and suspended in vehicle. However, the microcapsules obtained by
spray drying tend to be very porous because of rapid volatilization of the
solvent (Chang and Robinson, 1990).
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The application of the spray-drying process to the production of
microcapsules has been found to be useful for a variety of materials and can
be employed to encapsulate both liquid and solids. In the case of solid, a
suspension of the solid particles in a solution containing material is first
prepared. Solvent removal during the spray drying process deposits the
| icles. The spray-drying
cua!ud single particles.

coating material on the surfac

process usually produces

A schematic drawing o sresented in Figure 5

(Wurster, 1990).

It must be st ument settings cannot be

\

regarded in an isolated ch can be adjusted are

in close dependence to e meters that could be mentioned
are as followed |
- Inlet/outlet temperattie X

The melt is defined as the temper@re of the drying air

e ek et e o
- T e

stream must lie a good bit above the boiling point of the solvent.
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The outlet temperature is defined as the temperature of the air stream
containing the solid particles before it enters the cyclone. This temperature is
also not necessarily identical to be temperature of the product. This applies
mainly because the solid particles do not attain the temperature of the
surroundings during their brief passage through the apparatus which is usually

regulator. The outlet
temperature results out of 2 combimna! alet fempers the aspirator
setting, the pump setting, as™wall a8 e ¢ \"‘""’ of the substance being
spray dried. In additics ‘ evaporation of the

solvent.

Filvered

heatled e—
inlet aif J

Fig. 5: Schematic diagram of spray-drying apparatus.



The optimum selection of the temperature difference between
the inlet and outlet temperatures is one of the most important points in the
spray drying process. As a rule, a certain latitudes still remains after the
product specific factors have been taken into account. Within this range, the
performance of the apparatus as well as the residual moisture content of the

- Aspirator

The aspirator s pstrument and at the

same time produces a parf ormance of the aspirator
is regulated, the quantity®;

.-,\;‘.H sased or decreased on
the one hand and the paf

| set within a range of
approximate 70-260 mm W | “ g ‘, S. he energy available for
evaporation also varies accofding e the am of air in the apparatus, the

aspirator setting also has :: »,.;;Ei;i.;u;;:,_ flusnce on the spray drying

performance of the — \‘

)

- Pump performance

The seifl PO E T E T S—

between the inlet and outlet temperatires. This ig-because the temperature as
well s ] il 3 i it b bisd e Bt o el e
evapornnon. is defined by the perselected inlet temperature and aspirator
performance. If more or less liquid is now sprayed into the chamber, more or
less heat is also removed due to the evaporation. This raises or lowers the

value of the outlet temperature in turn.



- Spray flow

The spray flow is defined as the necessary quantity of pressurized air
for the spraying of the solution, or dispersion. The spray flow can be set on
the instrument within a range of 100-800 Nl/h. With this the different spray
characteristics of the samples can be taken account of, on the one hand and

z

eiial properties are viscosity,

the particle size of the end prod

Process control varia

uniformity and concen -‘ ?. 1g material. The process
i 3 -/-{ ‘- ge in the size range
A4\

core material. The process/i nly: emplo ed\ in ‘the microencapsulation

applied to liquid and

of many other drugs & give: powders for use in

pharmaceuticals (Bakan, 1886 " =

Mechanism of film for&ti -
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A film fﬂmﬂ mqﬂ ﬂymm:&am:iw of solvent
evaporation. Ratzll of solvent evaporition will instum be contralled by the
o PN 23 U S N ATNELD) e
with inil:ia;I rapid evaporation of solvent from the atomized droplets of
coating liquid, causing an increase in polymer concentration and contraction
in column of the droplets as shown in Fig 6. Further loss of solvent from
film is occurred, that is, coalescing of film on the surface of the dosage form

at a slower rate which in now controlled by the rate of diffusion of solvent
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through the polymer matrix. In the last step, gradual solvent losses from the
film at a very much reduced rate and the film was immobilized on the drug
molecule at the solidification point. Ultimately, the amount of space between
the polymer molecules becomes so small that further solvent loss is so
restricted that total removal of solvent from the coating becomes almost

IMPINGEHENT
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AUTOHESION (CONESION)

WETTING SPREADING

Fig.6 : Schematic representation of the film-coating process.

17



Effect of plasticizer on the properties of film.

Most of polymers that are used in pharmaceutical film coatings are
-amorphous in nature. One characteristics of these polymers is that as the
temperature is lowered, a point known as the glass transition temperature ['I'B)

is reached, below which there is a criﬁcai cessation of molecular motion on

the local scale. Under these itions, the polymer exhibits

ing toughness, hardness,

e

many of the properties of i
stiffness, and brittleness. aperatures of many of

perature conditions
ssary to modify the

nvolves the process

the polymers used in
experienced in the typic
properties of the polyme

of plasticization.

polymers and 1mpa.rt

plasticizer are permap®nce and cc

diﬁu@:n rate within the

polymeric film, a mmn!'anﬂlat favors 16w molecular weight plasticizers.
Compatibility, m EJ,} ﬁ lymer, which
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closely in structure the polymers they plasticize. polymeric films employ

plasticizer has a low mpur pressure

plasticizers to impart flexibility, improve flow, and reduce brittleness
(Steuernagel, 1989; Porter and Bruno, 1990).
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Release of Drug from Microcapsules.

Release of drug form microcapsules and microparticles is a mass

transport phenomenon involving diffusion of drug molecules from a region of

high concentration in the dosage form to a region of low concentration in the |

core and coating materigls.l5e, physicochemical ~properties of core
material, such as solubaity _dilinsivi nd partition. coefficient, and of
coating material, such nd inertness, make
modeling of drug releasgdif

Permeation theory, > transported through

- < T 3 . - &
one or more polymeric mEmbifanes" con the coating material, is

important to an _ ing~ of 0% core substances are released from
microcapsules. The | of which is
influenced by factors s _ﬁ)rmer. its degree of

crystallinity, the inclusions of, plasticizers of jother fillers, its thickness, the

occurenc of pih, e Sraehie o b e oL it dyer in conac
with the outer cu:l'l surfaces. ¢ =N o/
TRAINTUNRINEIAY
Flow of molecules through a barrier such as a polymeric membrane is
a particularly convenient way to describe as diffusion procésses. The passage
of matter through a barrier (Fig. 7) may occur by simple molecular permeation
or by movement through pores and channels. Molecular diffusion or
permeation through nonporous media depends on dissolution of the
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permeation molecules in the bulk membrane (Fig. 7 (a)), where as a second
process may involve passage of a substance through solvent-filled pores of a
membrane (Fig. 7 (b)) and is influenced by the relative sizes of the
penetrating molecules involves dissolution of drug in the matrix of the

membrane and is an example of simple molecular diffusion. Perhaps a better

representation of a membrane on the\moléghlar scale is a matted arrangement

L N,

of polymer strands with branck

FI,E'I.HE 7 (c). Dcpendmg ON [OE-SIZE 8]
they may pass through thy

ing channels as shown in
_ the diffusing molecules,
e overlapping stran
of polymer. If too largg diffusant may dissolve
in the polymer matrix &
The release of a drdg & involves factors of both
{iffusion and dissolution
¢ has been discussed as it

dissolution and diffusiun.
theories bear many resemblance Wﬁp
influences drug relea V > and principles of diffiision astejated to the transport
of drugs from dosage ﬁ X

by any pathwny
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iner into the body
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Fig.7 : (a) Homogeneous #f# ithout pores. (b) Membrane
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Polymer 1
malrix

J
f ' __ Tortuous path

Drug eluled from homogeneaus of drug as il
* polymer malrix leaves the malrix
]
Fig. 8: The release o i dnsag‘e forms.
(a) Drug leached from gmnuiar g i Schematic of the solid matrix and

(c) its receding bindeg
y,.
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(Fig. 8) involves

The release of a
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and leaching out Of drug through mte:snual channels or pores. A granul is,
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and lﬂngth f the opening in the matrix must be accounted for in the diffusion
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equation, leading to a second form of the Higuchi equation (Higuchi, 1967).
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in which € is the porosity of the matrix and T is the tortuosity of the

capillary system, both parameters being dimensions quantities.

Porosity, €, is the fraction of matrix that exists as pores or channels

into which the surrounding liquid can penetrate. The porosity term, €, found

extracting the drug. If 2 in, extracted fiom the matrix and the

fg. then the drug’s

'\

additional void space or gbrogi i on "x extracted. The total

drug’s specific vol

concentration, A, is cor o that will create an

. )
Y
Granule pumirﬂm fomn a Jowledge of the true
granule densi FT' The ¢ parosity is givengby equation
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weight / granule density

or
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true density p

in which Vp is the true volume of the solid particles and Vg is the volume
of the particles together with the intraparticle pores. Equation 2 applies

drug, leaving a shell of polymes.and empty poses, I equation (2) diffusivity
is multiplied by porosityeraetions) 4ueity. to dteagat for the decrease in
D brought about by empt¥ pafesdiu fhe miatg » apparent solubility of the
drug C_is also reduced ¥ thé vl o T whigh represent porosity.

Tortuosity, T, is intfed account for an increase
in the path length of diffusid bending of the pores, as
compared to the shortest ; ortuosity tends to reduce
the amount of drug u;ﬁ" fid so it appears in

the denominator under ﬁ square roo! (Martin, 9@
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over a wide range, but most release profiles categesized into threg types :
QW’]Mﬂ‘iﬂJ ARTINEIRE
l. Zero - order _n:lease pattern
2. Square - root - time release pattern

3. First - order release pattern



1. Zero - order model.
An ideal controlled release device is one which can deliver the
drug at a constant rate until the device is exhausted of active agent.

Mathemetically, the release rate from this device is given as

pattern of release is calle

32
The seca em, frequently referred to as
square root of time release, i ease that was linear with the

reciprocal of the square root of tiffiEihe el

Ve
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In contrast to ﬁrst-omr release, the dfelease rate here finite as the divice
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The release pattern of this type can be described by Higuchi's equation
refered previously as
1/2
Q = [DEEA-EC)CH] OO )
T
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The assumptions made deriving equation 2 are as follows

1. A pseudo-steady state is maintained during release.

2. A >> Cs, ie. excess solute is present.

3. The system is in perfectly sink condition in which C is
approximately to zero at all time

4. Drug particles are giuch' srjaller than those in the matrix.

were ky, was Higuchi constang” Th q_ :_ a.‘muunt of drug released from
matrix versus the square root of #_,“-zj increased linearly if drug released
from the matrix is diffnSion controlied h the above equation was based on
release from a single '- il : }; sion-controlled released
from all surface matrix.
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Fust-&l:ler model.
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model. th release rate in this case was proprotinal to the mass of active agent

contained within the device. The rate was then given as

dM, = k (M-M) ceverneaenrannnanaene(F)
dt



27

where Mo was the mass of agent in the device at t = 0. On rearrangement, this

gave
dMt = KM, eXP  orercvissscnsanes (10)
dt
In first order model, therefore, the 4 exponentially with time, approahing

area of matrix decreased
exponential with time // ‘ \\\\\ drug release from most
controlled-release matriccs’ / --u ;\\\\\ first order kinetics,

(1)

A = IIII ' h.(‘w":ﬁ’t’l’.’.-’ W e

amo drug m: ﬁ time t
simplitying mﬁw& Mﬂﬂﬂ@%ﬁ(ﬁl yeldd]
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First order pattern can be predicted by plotting the logarithm the percent of drug

remaining against time. If first order model, linear relationship were obtained. Sa,
Bandyopadhyay, and Gupta (1990) reported that the initial curvature of the plot



may be obtained because of the presence of surface drugs and they suggested to be

ignored.

The release pattern for each classes of device is illustrated in Fig. 9

(Baker, 1987). The release patterns of zero-order, square-root of time, and first-

Re=lemame Rate
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Fig. 9: Zero‘order, First-order, and Square root of ume re ’1 ase patterns form

devices containing the same initial active agent content.
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