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INTRODUCTION

The objective of ' developing a modified-release dosage form for oral
administration is to control the release of the therapeutic agent and thus control the
release of drug absorption from the gastrointestinal tract. One way of accomplishing
this is by forming release-controlling membranes around drug-containing pellets or

granules ( Harris and Ghebre-Sellassie , 1989 ).

Film coating is one of the accepted methods of prolongation of drug release
from granules ( Friedman, Donbrow and Samuelov , 1979 ). Fluidized-bed techniques
have gained considerable popularity in the application of controlled-release coatings
| ( Mehta, Valazza and Abele , 1986 ). Its main advantages over the pan coating
method are as follows : (a) irregular particles may be coating directly, (b) loss of
material is small, (c) the process may be automated and does not require learning the
“art ” of coating, and (d) it is very rapid ( Friedman and Donbrow , 1978 ),

- The coatmg material may be soluble or insoluble in the flu:d or dlgestlve
system. Inthecaseofsoluhleeoaungmatenal thedosageformmaymcludeavanety
of granules or cores having dxfferent thickness. The release rate in such a system may
be controtled by dissolution of the coat or diffusion of drug through the coat or both
processes. However, with insoluble coating materials, the release process will be
controlled solely by diffusion through the film coat. Some of the most common
insoluble polymer candidates are methacrylate ester copolymers, cellulose acetate
phthalate, hydroxypropyl methylcellulose phthalate, polyvinyl acetate phthalate and
ethylcellulose. -



Eudragit® NE 30D [ Poly ( ethy'lacrylate methylmethacrylate ) aqueous
dispersion ] is a film coating formulation which had sustained release action
characteristic. The use of water-dispersed systems instead of solvent based organic
solutions leads to protection of the pollution and solvent toxicity which have resulted
in strict government regulations concerning solvent emissions together with the
expense and explosion hazards. The Eudragit® NE 30D films are insoluble in water
and do not dissolve in gastric or intestinal fluid. However, they are swellable in water
and give pH-independent permeable membranes. The release time of drug from these
polymers can be adjusted by varying the thickness of the film. BEudragit® NE 30D
provides coatings that are highly impermeable to drug when it is used alone. The
- permeability of films can be increased by mixing hydrophilic and/or higher permeable
substances such as poly(cthylene glycol), methylcellulose, hydroxypropyl cellulose,
poly(vinylpyrrolidone), lactose, sorbitol and glycerine ( Li et al., 1989 ; Fukumori,
1994 : Amighi and Moes, 1995 ).

- The coating morphology and dissolution charactenistics of the finished product
can be affected by the variables of fluidized bed process such as : the spray mode,
processing time, atomizing air pressure, fluidization air temperature, fluidization air

volume ( Jones , 1985 ).

In a fluidized bed coating, a liquid feed is sprayed onto a bed of solid particles
for film deposition on each particle. ‘The liquid feed can be applied by using one of
the three spray modes : top spray, bottom spray or tangential spray. Since the spray
mode determines not only the spray pattern of the coating formulation, but also how
the sprayed dinplets impinge and spread on the substrates, it is expected to have a
significant impact on the film structure { Mehta et al., 1985 ). Therefore, the spray
mode is an important process variable that affected the film structure and release
properties of coated granules ( Yang et al., 1992 and -Mehta et al., 1986 ).



The atomizing air pressure is one of the process variables that directly affected
the droplet sizes of coating dispersion before impinged on the cores or granules. It is
conceivable that at a high atomizing air pressure finer droplets of the coating
dispersion are produced. The resulting films on the substrates should be more
continuous and less permeable. However, a previous study reported that the result
was contradicted the above conclusion ( Li and Peck , 1990 ). It was indicated that
coating at high atomizing air pressure released the active ingredient at a faster rate,
Hence, the atomizing ais pressure should be adjusted to be an optimal value in order

to achieved a satisfactory in vitro release rate.

Theophylline, a xanthine derivative, has been selected as the model drug to be
investigated. It is widely used not only as an effective bronchedilator in the treatment
of bronchial asthma and other respiratory diseases but also as a prophylactic drug for
controlling the symptoms of chronic asthma ( Winter, 1982 ; Sa, Bandyopadhyay, and
Gupta, 1990 ; Hendeles, Massanari, and Weinberger, 1991 ). Its half-life is
approximately 4-9 hr. and the therapeutic range is 10-20 pg/ml ( Joknman, Schoen-
maker, Grimeberg and Zeevw, 1981 ). Due to this short half-life of theophylline, it
makes the inconvenience for patient to repeatedly take oral conventional dosage form,
which may be as frequent as every six hours ( Georgarakis- et al., 1990 ). This
significant problem has made theophylline an ideal candidate for administration as
sﬁstained or oonu'o!led-relcase preparations.

The present work is a study of the preparanon of conu'olled-relme
theophylline granules by means of fluidized bed coating techmqum and investigation
of the effect of various coating lgvels of aqueous polymeric dispersion coated on
granules including various ratios of the polymer blends between Eudragit® NE 30D
and other hydrophilic substances on the release rate profile of the drug. Furthermore,
the effects of spray mode and atomizing air pressure on the film structure and release
properties of granules were also studied.



OBJECTIVES

On the basis of the rationale mentioned above, the objectives of this research

are

1. To prepare controlled-release granules of theophylline by coating with poly
( ethylacrylate methylmethacrylate ) aqueous dispersion using fluidized bed
technique.

2. To determine the optimal level of poly ( ethylacrylate methylmethacrylate )
- aqueous dispersion coating which has the amount of drug release comparable to the
requirement specified in the US pharmacopoeia.

3. To study the effects of spray mode and atomizing air pressure on the

physical properties and release characteristics of coated granules.

4. To study the influence of vanious ratios of polymer blends between
hydroxypropylmethylcellulose or ammbnio methacrylate copolymer, type A and
poly ( ethylacrylate methylmethacrylate ) aqueous dispersion used as the coat on the
physical properties and release characteristics of coated granules.
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LITERATURE REVIEWS

1. Controlled-Release Drug Delivery Systems

Sustained-release dosage forms are developed for a variety of reasons such as
they may improve patient compliance, reduce unexpected toxic effect due to high
peak concentration and improve efficiency in treatment because of the less

fluctuations in drug level,

Controlled-release drug administration means not only prolonged duration of
~drug delivery, as in sustained-release and prolonged release, but also implies
predictability and reproducibility of drug release kinetics ( Chien, 1983 ).

In the exploration of oral controlled drug administration, one encounters three

areas of potential challenge :

(1) Drug delivery system : Development of a viable drug delivery system
which is capable of administering a therapeutic agent at a programmed rate for a
duration required for an optimal treatment.

(2) Gastrointestinal transit time : Prolongation of the gastrointestinal residence
time, so the drug delivery system developed can reside at the vicinity of absorption
site for sufficient long period of time to deliver all the drug loading dose.

(3) Hepatic first-pass elimination : If the drug is subjected to an extensive
hepatic “first-pass” elimination, preventive measures should be developed to
minimize the extent of hepatic “first-pass” metabolism,

The majority of oral controlled-release drug delivery systems being widely

marketed relies on dissolution, diffusion or a combination of both mechanisms to
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generate a slow release of drug to the gastrointestinal rﬁilieu ( Hui, Robinson and Lee,
1987 ). Drug delivery systems with diffusion controlled release mechanisms and
various conditions for controiled release of drug, together with the appropriate
equations for data treatment have been extensively discussed ( Flynn, Yolkowsky and

Roseman, 1974 ; Harland and Peppas, 1989 and Ronade, 1991 ).

Basically, there are two approaches of diffusion controlled systems that have
been developed over the past of two decades, the matrix devices and the membrane-
controlled devices. In the matrix system, solid drug particles are either dispersed in
an insoluble matrix ( Foster and Parrott, 1990 ), or layered on the placebo core with

- water insoluble polymer ( Chang and Himmelstein, 1990 and Scott and Hollenbeck,
1991 ), or prepared in the form of micropellets ( Thoma, 1989 ; Janicki and Jedras,
1989 and Harland and Peppas, 1989 ), or microcapsules ( Harland et al., 1988 ; Forni,
1990 and Nixon and Wong, 1990). A membrane-controlled device consists of a
central reservoir of a drug enclosed by a polymeric membrane that allows the drug to
diffusec from the reservoir at a predetermined rate. Since diffusion through a
membrane is a simple approach to obtain a predictable release rate, membrane-

controlled devices have been widely used ( Phuapradit et al., 1995 ).
Membrane Diffusion-Controlled Drug Delivery Systems ( Chien, 1983 )

Membrane diffusion process has been successfully applied in the development

. “of controlled release drug delivery systems for transdermal controlled adxhinisﬂation
of some drugs such as nitroglyserin and scopolamine through the intact skin. These
membranc‘ diffusion-controlled drug delivery systems are known to use a
prefabricated microporous membrane to meter the release of therapeutic agents.
Membrane diffusion process has also been utilized in the development of oral
controlled-release drug delivery systems in which the microporous membranes are

produced in the gastrointestinal tract directly from a non-porous polymer coating.



Several potential developments, which has been proven feasible, are outlines as

follows :
1. Microporous membrane-coated tablets

It is prepared by first compressing aqueous soluble drug particles into a core
tablet with appropriate pharmaceutical excipients and then coating the tablet with a
layer of non-Gl-eroding polymer, e.g., the copolymer-of vinyl chloride and vinyl
acetate. The polymer coating contains a small amount of water-soluble pore-forming
inorganic substances, ¢.g., magnesium lauryl sulfate, to create porosity when tablet is
© in contact with gastrointestinal fluid. The porosity and rigidity of the polymer coating

can be varied to give a slow or fast release at constant rates.
2. Solubility membrane-controlled solid dosage form

- It is also prepared by first compressing aqueous soluble drug particles into a
core tablet with appropriate pharmaceutical excipients and then coating the tablet
with a layer of thermoplastic polymer, ¢.g., polyvinyl chioride. The polymer coating
contains at least 80 % of plasticizer, e.g., dioctyl phthalate, to create a solubility of
membrane in the gastrointestinal tract. The rate of drug release can be controlled and
prédetennined by regulating the concentration of plasticizer in the polymer coating.

3. Enteric controlled-release tablets

The tablet which is designed to release a drug labile to gastric fluid only in the
intestinal fluid at a controlled rate is prepared by coating a core tablet with a
combination of intestinal fluid-insoluble polymer, e.g., ethylcellulose and intestinal
fluid-soluble polymer, e.g., hydroxymethylcellulose phthalate. In the intestinal tract,
hydroxymethylicellulose phthalate component is dissolved away by the intestinal fluid,



leaving a microporous membrane of ethylcellulose, which renders a controlled release

of drug in the intestine,
4. Multi-laminated sustained-release tablets

The tablet is fabricated by first dispersing a loading dose of drug in layers of
water-soluble carboxymethylcellulose ( CMC ), sandwiching the drug-loaded CMC
layers in-between layers of crosslinked carboxymethylcellulose, which is water
insoluble, but water swellable, and then compressing these layers under high pressure
to form a multilaminated tablet, which is then coated with a suitable polymer coating
- material. In the gastrointestinal tract, the crosslinked CMC layers become swollen
and gelatinous and create a colloid gel barrier, which controls the release of drug
from the CMC layers.

5. pH-independent controlled-release granules

The granules are designed for the oral controlled release of acidic or basic
drugs at a rate which is independent 6f the variation in pH conditions along the
_gastrointestinal tract. They are prepared by blending an acidic or basic drug with one
or more buffering agents, e.g.; primary, secondary or tertiary salt of citric acid,
grﬁnulating- with appropriate pharmaceutical excipients to form small granules, and
then coating the granules with gastrointestinal fluid-permeable film-forming polymer,
e.g, cellulose derivatives. :

The polymer coating acts as a permeation-controlling membrane, so that when
the gastrointestinal fluid passes through the membrane, the buffering agents adjust the
fluid to an appropriate constant pH, at which the drug dissolves and permeates
through the membrane at a constant rate regardless of the location in the alimentary
canal.
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6. Polymer-coated drug-resin preparation

This preparation is designed to provide a controlled release of a therapeutic
agent at a rate which is independent of any variation in pH conditions, enzymatic
activities, and contents of the gastrointestinal tract, It is prepared by first adsorbing
an ionizable drug onto the ion-exchange resin granules, such as codeine base and
" Amberlite (RTM) IRP-69, and then, after filtration from the alcoholic media, coating
the drug resin complex. granules with a water-permeable polymer, e.g., a modified
copolymer of polyacrylic-methacrylic ester, and then spray-drying the coated granules
to produce the polymer-coated drug-resin preparation.

7. Thixotropic bilayer tablets

Each layer of the bilayer tablet is prepared by dissolving or dispersing, if not
soluble, the drug(s) in 2 gel made from different levels of Thixcin R ( hydroxy-
glycerol ester of a monobasic Cs-C)s fatty acid ) in a solvent, e.g., ethanol. Solvent is
then evaporated to give a drug dispersing matrix, which can be screened, granulated
and compressed into & core tablet. By varying the ratio of drug to Thixcin R, the rate
of drug release can be controlled.

In the gastrointestinal tract, Thixcin R absorbs water and becomes a semi-rigid
mass. It behave as a hydrophobic sol in which thread-like aggregates interlock and

disperse throughout the liquid medium.

Of some concem in the design of oral controlied-release products is the
influence of physiological variations in the gastrointestinal ( GI ) tract, including the
pH of GI fluids, digestive enzymes, gastric emptying time and peristaltic activity, all
of which can effect the performance of the dosage form and the resulting blood drug
concentration. Oral controlled-release dosage forms such as coated beads, which
spread through the GI tract, offer the potential for less statistical variation‘in gastric



10

emptying rates and overall transit times. They can also maximize drug absorption and
prevent doseQdumping, which may be more likely to occur when a single-unit

controlled-release system is used ( Ghebre-Sellassie et al., 1985 ).

The coating of particulates such as powders, granules, pellets and tablets tb
produce controlled-release dosage form is becoming increasingly popular mainly as a
result of recent advances in fluidized-bed process and in the development of both
aqueous and organic solvent-based polymeric coating systems (Friedman and
Donbrow, 1978 ).

- 2. Water-base Coating System

Organic solvent-based polymeric solutions have traditionally been used for
coating. By appropriate selection of organic solvents or their mixtures, a variety of
compounds can be dissolved in solutions to make the products display the functions
desired ( Fukumori et al., 1991 ). However, the high cost of sblvents, high price of
solvent recovery systems, strict air quality controls, and potential toxicity and
explosiveness of solvents have motivﬁted pharmaceutical and food supplement
processors to remove organic solvents from the coating process ( Chang, Hsiao and
Robinson, 1987 ). |

As a result, water-based systems have been developed for pharmaceutical
dosage forms instead of organic solvent-based polymeric solutio_ns because of their
environmental and economic advantages. ‘ |

There are still many problems to be overcome for wider applications of
aqueous dispersions to pharmaceutical multiparticulate dosage forms. While film
formation in polymeric solution syst.ems ( either aqueous or organic ) is easily
achieved by drying solutions, the polymeric particles in dispersions have to be fused

for the formation of continuous films. Some complicated processes are involved in

\
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the formation of continuous films. This brings about some additional difficulties in
coating using aqueous dispersion systems. For their efficient application to
pharmaceutical dosage form, a clear understanding of the mechanisms of film

formation may be required ( Fukumori, 1994 ).
Film-Forming Mechanism of Aqueous Polymeric Dispersions

The formatioa of films from an aqueous polymeric dispersion such as latex or
pseudolatex involves the deposition of droplets of the dispersion on a substrate
followed by evaporation of water and the coalescence of the polymer particles into a

- continuous film,

One driving force of the film-forming process is the profit of surface tension
energy, but obviously the capillary forces developing in the channels between the
small polymer particles in a dense mass play a more importance role. It can be
calculated using the Lapace equation for pressure, P = 2y / r , where y is the
interfacial tension between water and air and r is the radius of the polymer particles or
the curvature of the aqueous menisdus. Both mechanisms were assumed by
Bindschaedler et al. ( 1983 ) to be valid also in film-coating processes. When the
radius of the polymer particles in the range of 1,000 nm is reduced by one magnitude
to 100 nm, the capillary forces increase tenfold.  This means that fine particulate
dispersions show much better film formation, |

_ fil_m formation is disturbed when the polymeric dispersion is applied to a
poroué surface where the water can penetrate into the underlying surface. In this
case, the time to build up the capillary forces is shortened and their effectiveness is |
reduced. This is even more critical as the coating témperature approaches the
minimum film-forming temperature ( MFT ).
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The space between the polymer particles in the dense sphere package is only
26 % of the whole volume. So the shrinkage of the coating layer during film
formation is low compared with the drying process of films from polymer solutions,

where gelation occurs when 40-60 % of solvents are still present ( Lehmann, 1989 ).
3. Film-Former Used in Coating Formulation

Eudragit®NE 30D [ Poly(ethylacrylate methylmethacrylate) aqueous

dispersion]

Eudragit®NE 30D is the aqueous dispersion of a neutral copolymer latex
synthesized by emulsion polymerization. It consists of ethylacrylate ( EA ) and
methylmethacrylate ( MMA ) in ratio 2:1. The structural formula of this polymer is
presented in Figure 1. The average molecular weight is 800,000. The latex contains
30 % solids including some of polyethylene nonyl phenylether as an emulsifier. A
sticky powder that tends to form lumps can be prepared by freeze-drying or other
drying processes but is not commercially available. The polymer has no functional
groups and is practically neutral. Therefore the films. prepared from this latex are
insoluble in water and in ﬁqueous buffer solutions over the entire physiological pH
range but will swell in water and give medium permeable membranes. The
permeability is-independent of the pH.. Eudragit®NE 30D was desctibed in the
Federal Register under “Food Additives” as safe for use as a food-contact surface for
‘articles intended for packaging and handing food including heating of prepared food
~ (Lehmann, 1989 and Gopferich and Lee, 1992 ).

This polymer is used mainly for sustained-release and transdermal drug
formulations. The MFT is around 5 °C, and a soft, flexible fiim is formed at room
temperature without any plasticizer. Normally no reactions or absorptive effects are
observed when the polymer comes in direct contact with drug substances, so it is a
very useful material for embedding drugs, for granulation processes, and also for
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protective coating. Changes in pH do not alter the properties of the polymer and the

latex is not very sensitive-to the incorporation of drugs or excipients.

Eudragit®NE 30D possesses a very high binding capacity and can therefore be
used with a relatively large quantity of auxiliaries without affecting the film
properties. The latex is compatible with talc, titanium dioxide, color lakes, iron oxide
pigments and magnesium stearate, when these additives are suspended in water
before mixing with the latex. Optimal stability is in the pH range of 7-8.5 but the
latex can also be acidified if necessary by adding dilute acid slowly under moderate
stirring. As stabilizing agents, neutral surfactants such as polysorbitans and
- polyoxyethylene alkylphenyl ethers can be used. Many solid additives are useful as
lubricants or glidants to reduce the stickiness of the polymer during the film-forming
process and during storage, so a minimum 6!‘ approximately 25 % of such additives
calcutated on dry polymer basis should be used in any formulation. Cab-O-Sil is
effective as an additive to prevent sticking of small coated particles during storage,

especially at elevated temperature and high humidity.

Due to its film properties, Eudragit®NE 30D can be used in the formulation of
coated beads for controlled drug release. The Eudragit®NE 30D films are permeable
to water and active substance felease via diffusion processes. The release times of
controlled-release. formulations can be adjusted by varying the thickness of films.
Furthermore, the permeability of Eudragit®NE 30D film can be increased by adding
several water-soluble substances such as sucrose, lactose, and other saccharides,
starch, micronized cellulose, poly (vinyl alcohol) and polyethylene glycol. Water-
soluble cellulose ethers have limited compatibilityy ~ They stimulate slow
agglomeration and coagulation within several hours or days ( Lehnmann, 1989 and
Fukumori, 1994 )

Eudragit®NE 30D can be mixed with both aqueous dispersion of anionic
~ methacrylic acid copolymer and cationic methacrylic ester copolymer in any
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proportion ( Figure 2 ). The main purpose of mixing these polymers is to modify the
drug release profiles and to improved prbcessing and better film properties ( Lehmann

and Dreher, 1988 ).

Amighi and Moes ( 1995 ) investigated the effect of blending, in different
proportions, Eudragit®NE 30D with the anionic methacrylic acid copolymers
(EudragitQL 30D, S 100) on the theophylline release rates from coated pellets in the
pH-gradient dissolution media. The result showed that the release rate was
significantly accelerated and depended on the proportion of the anionic polymer
( Eudragit®L 30D, S 100 ) presented in the blend, the higher was the polymer content,
- the higher was the dissolution pH-dependency of the dosage form. Furthermore, the
thermal and film forming properties of polymer blends were also . studied.
Heterogeneous film structures were obtained from blends containing an association of
hard acrylic polymers ( Eudragit®RS 30D, S 100 ) with the soft Eudragit®NE 30D
when drying temperature was lower than the MFT of the hard acrylic polymers.

Methocrpticocid copolymers MNOCQ‘O:'OI copolymers

anionic ’ hydrophitic feationic)
10035 | L1oo I 5100 AL 100 |ns 100
g — |

L 30 D = Disp. === Djsp. RLI0OD s=2RS 00D

medium hard medium
NEJOD

ol =) dispersidie -
DenNecoIgsler copoiymer  z=  miscitre

neutral

Figure 2 Combination of Eudragit aqueous dispersion ( Lehmann and Dreher, 1988),
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Eudragit®RL 30D [ Ammonio methacrylate copolymer, type A aqueous
dispersion]

Eudragit®RL 30D is an aqueous dispersion contains a copolymerizate of
ethylacrylate ( EA ) and methylmethacrylate ( MMA ) with trimethylammonioethyl
methacrylate chloride ( TAMCI ) in ratio 1:2:0.2. The stl:ucnzral formula of this
polymer is given in Figure 1. The average molecular weight is 150,000. These
copolymers are produced by bulk polymerization and are commercially available as
solid granules ( Eudragit®RL 100 ) or as milled polymer powder. The solid bulk
polymer can be directly emulsified in hot water without any additive to a stable
aqueous dispersion. The formulation of a latex-like aqueous dispersion is obviously
caused by the hydrophilic ammonium groups. The commercial aqueous dispersions,
Eudragit® RL 30D, contains 30 % polymer content with 0.25 % sorbic acid as a

preservative but no emulsifier.

Eudragit®RL 30D fiims are water-insoluble, and their permeability, which is
independent of pH, depends on the content of quaternary ammonium groups and more
permeable than those of Eudragit®NE 30D, Because Eudragit®RL 30D contéins
MMA-rich ester components (EA/MMA 1:2 ), their softening temperature are higher
than those of NE 30D ( EA/MMA 2:1 ). The MFT of the pure dispersion is between
40-50 °C. The addition of 10-20 % plasticizer is necessary to reduce the MFT below.
20 °C in film-forming process. Most effective plasticizers are triethyl citrate and
triacetin. Also water-insoluble plasticizer could be added to the aqueous dispersions
in the form of emulsions in a 1 % aqueous solution of Polysorbate 80. There is
obviously some influence of added plasticizer on the permeability of the resulting

films.

The compatibility of these latex-like dispersions with the widely used
additives talc, titanium dioxide, pigments, and others is generally acceptable and very
similar to that described above for the neutral Eudragit®NE 30D. The pH of the
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dispersion, which is normally in the range of 5-6, should be kept nearly constant and
additives added preferably in the form of aqueous suspensions or solutions of the
same pH ( Lehmann, 1989 and Fukumorn, 1994 ).

The hydrophilic quaternary ammonium groups with their positive charge in
the polymer are highly responsible for the permeability of the films. The diffusion
rate of dissolved drug molecules through membranes of Eudragit®RL 30D is so high
that the release from coated tablets or particles with a film thickness of 10-30 um is
very fast and normally reaches nearly 100 % within 10-30 min. Such films can be

used as fast-disintegrating protective coating ( Lehmann, 1989 ).

The mixture of Eudragit®RL 30D with RS 30D, an aqueous dispersion of
copolymer of EA:MMA:TAMCI in ratio 1:2:0.1 which formed the less permeable
films, are generally used in film coating controlled-release preparations. By different
permeability but unlimited miscibility of both types, a wide range of permeability can
be established, so that the system can be adapted to the diffusion properties of many
drugs in a narrow range of film thickness ( Lehmann, Petereit and Dreher, 1994 ),

The drug release rates from theophylline pellets coated by using the blends of
Eudragit®RL 30D and RS 30D were studied. A wide range of dissolution profiles
was obtained simply by changing the ratios of the two polymers. Compared to the
dissolution results of uncoated pellets, the drug release was very slow and practically
linear as a function of time with Eudragit®RS 30D while practically unmodificd with
Eudragit®RL 30D coated pellets. The use of readily permeable Eudragit®RL 30D
appeared t0 be as effective as the use of pore forming agents or hydrosoluble
polymers for controlling the membrane permeability, so that the design of film coated
pellets can be easily realized by selecting the proper RS 30D/RL 30D ratio and
coating thickness { Amighi and Moes, 1995)
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Bianchini et al. ( 1993 ) produced the extended-release d-indobufen pellets by
coating with the aqueous dispersion of ethylcellulose or copolymer mixture of acrylic
esters with different permeability characteristics { Eudragit®RS 30D and RL 30D ).
The result indicated that coating with the mixture of Eudragit®RS 30D and RL 30D
was more suitable to reduce the drug release rate than ethylcellulose coating and by
increasing the amount of more permeable polymer ( Eudragit"RL 30D ), analogous
results in terms of release rate improvement were obtained. This effect was also
found by El-Mahrouk et al.,1993 , Lehmann and Petereit, 1994 and Rafiee-Tehrani
and Sadegh-Shobeiri, 1995.

Potassium chloride tablets were coated with mixtures of Eudragit®RS 30D
and RL 30D acrylic latexes that also contained a plasticizer ( triethyl citrate or acetyl
tributyl citrate ) and a pore-forming agent ( urea ). It was found that the Eudragit®
RS 30D:RL 30D ratio had the greatest effect on the release rate, and both lag time and

burst strength were most affected by the urea level ( Jensen et al., 1995 ).

Mixing of anionic dispersions from Eudragit®L 100-55, L 100 and S 100 with
the hydrophilic, slight cationic methacrylate dispersions RL 30D/RS 30D are
sometimes useful when the solubility of the coated drug substance decreases thh
increasing pH, which is observed mainly with salts of weak amines. In mixed films
the enterosoluble component dissolves in neutral to weakly alkaline intestinal fluid,
the permeability of the coating incfeases and compensates for the reduced solubility
of the drug, so that a more constant release rate over the whole pH range can be
obtained ( Lehmann, 1989 ).

Hydroxypropylmethylcellulose
Hydroxypropylmethylcellulose ( HPMC ), a cellulose derivative, is widely

used as an excipient in oral and topical pharmaceutical formulations. HPMC is

primarily used as tablet binder, in film-coating and as an extended release tablet
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matrix. It is also used as an emulsifier, suspending agent, stabilizer, thickening agent
and protective colloid.

HPMC is an odorless and tasteless, white or creamy-white colored fibrous or
granular powder. Its structural formula is shown in Figure 3. It is soluble in cold
water, forming a viscous colloidal solution, practically insoluble in chloroform,
ethanol and ether, but soluble in mixtures of methanol or ethanol and
dichloromethane. HPMC powder is a stable material although it is hygroscopic after
dryiné. Solution are stable between pH 3-11. Increasing temperature reduce the
viscosity of solution. It is unstable in extreme pH conditions and incompatible with
oxidizing materials. HPMC is classified according to its substituent groups,
composition and viscosity. ~ It is available in several grades which may be
distinguished by appending a number indicative of the apparent viscosity, in cps., of a
2 % wiw aqueous solution at 20 °C. HPMC of lower viscosity ( less than 15 cps.) is
commonly used in film coating and is produced by depolymerization of higher
viscosity HPMC ( Wade and Weller, eds., 1994 ),
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