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Summary

The preparation of drug-coated core formulations where the drug is located on the surface of a lactose granule core, using a
methylcellulose (MC) or a hydroxypropylmethylcellulose (HPMC) polymeric system with diphenhydramine hydrochloride as a model
drug, was studied. The drug and the polymer were applied onto lactose granules using the fluidized-bed coating method. The
intermittent spray conditions adopted were able to minimize aggregation of the granules and the spray drying of the coating liquid. A
high coating efficiency of over 97% was obtained and the granules were evenly coated. In vitro drug release from the coated granules
was shown to be dependent on the drug loading, hydrophilicity, adhesive properties, viscosity and total amount of the polymer in the
drug-polymer coat. The effect of the air entrapped in the coated lactose granules on their release profiles is also discussed. These
results have important implications for the design of drug-coated granules as a modified-release dosage form employing a
water-soluble polymeric system.

Introduction A multiple-unit type of dosage form such as
pellets or granules, compared to single-unit type
such as tablets, is less influenced by variations in
the gastric emptying rate and overall gastrointesti-
nal transit time and therefore has a more repro-

’ ducible absorption behaviour. The advantages of
and Gl.oo1'", 1971, 1972) and coating (Wurster, multiple-unit dosage form products over single-
1959; Singiser and Lowenthal, 1961; Caldwell and unit dosage forms have been demonstrated by

Rosen, 1964; Robinson et al., 1968). Often more several workers (Beckett, 1981; Bechgaard, 1982).
tha'n one of these applications can be conducted in The coating of particulates such as powders,
a single unit. granules, pellets and tablets to produce control-

led-release dosage forms is becoming increasingly
Correspondence: L.S.C. Wan, Department of Pharmacy, Na- popu}ar, mainly as a result of recent advances in
tional University of Singapore, 10 Kent Ridge Crescent, fluidized-bed processes and the development of
Singapore 0511, Singapore. aqueous polymeric coating systems that avoid the

In the pharmaceutical industry, fluidized-beds
are used primarily for drying (Scott et al., 1963;
Vanecek et al., 1966; Zoglio et al., 1975), granula-
tion (Rankell et al., 1964; Scott et al., 1964; Davies
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health hazards and high cost associated with
organic solvent-based systems. Commonly, a poly-
mer matrix is formed on the surface of the par-
ticles due to solidification of the liquid spray
deposited on the particles during the coating pro-
cess. Depending on the particular method of ap-
plication, the active drug can be the particle core
itself or it can be dispersed in the coating material
which is then applied onto an inert core to pro-
duce controlled release beads.

Most of the reported methods of producing
controlled-release pellets employ aqueous-based
polymeric coatings or matrix materials in the form
of an emulsion or colloidal suspension of water-in-
soluble polymers such as ethylcellulose (Goodhart
et al, 1984; Lippold et al., 1989; Yang and
Ghebre-Sallassie, 1990) and acrylic resin deriva-
tives (Lehmann and Dreher, 1981; Ghebre-Sellas-
sie et al., 1987; Li et al., 1989). The present study
has been carried out to examine the feasibility of
obtaining drug-coated core formulations where the
drug is located on the surface of the core, using a
water-soluble polymeric system with diphen-
hydramine hydrochloride as a model drug.

Materials and Methods
Materials

Lactose granules (Sunward Chemicals, Singa-
pore) in the size range of 600-710 pm were used

TABLE 1

as the core material for the experiments. MC
(Tokyo Kasei, Japan) of different viscosity grades,
13-18, 80-120 and 350-550 cp, and HPMC
(Pharmacoat® 615, Shin-Etsu Chemical Co. Ltd,
Japan) were selected as the coating polymers. Dis-
tilled water was used for the preparation of the
polymer solutions and also as the dissolution
medium in drug release studies. Diphenhydramine
hydrochloride (BP grade) was used as a water-
soluble model drug.

Methods

Coating procedure

In this study, the fluidized-bed process was
used to apply diphenhydramine HCl onto the
surface of lactose granules (600-710 pm). A flui-
dized-bed Aerocoater® (Model Strea-1, Aeromatic
AG, Switzerland) fitted with a bottom-spray insert
was used to coat the lactose granules. Batches of
200 g of lactose granules were allowed to fluidize
in the coater until the inlet air had reached the
required temperature. The coating liquid was then
sprayed into the fluidized bed via the binary fluid
spray nozzle using a peristaltic pump (Watson-
Marlow 5028, U.K.) at preset conditions. Several
variations in coating process parameters and
drug-polymer coating formulations were evaluated.
The formulation and the different process condi-
tions studied are listed in Table 1. In another set
of experiments, a selected set of process condi-

Summary of process conditions used for the application of a standard coating formulation to lactose granules

Formulation Quantity
Diphenhydramine HCl] 75g
Methylcellulose (13-18 cp) 10g
Distilled Water to 500 ml
Process conditions Expts

A B C D E F G
Fluidizing airflow rate (m®/h) 60-70 90-110 120-130 90-110 90-110 90-110 90-110
Inlet air temperature (° C) 80 80 60 95 80 80
Nozzle diameter (mm) 0.5 0.5 0.5 0.5 0.5 0.5
Atomizing air pressure (bar) 0.8 0.8 0.8 0.8 1.6 0.8
Spray rate (ml/min) 6-8 6-8 6-8 6-8 6-8 6-8
Spray interval ? C C C C C C I

Lactose granule load (g)

200 g in all the experiments

* C represents continuous spraying; I, represents intermittent spraying.



tions, described in Table 2, were held constant
while various coating formulations were applied to
the lactose granules. On completion of coating,
the coated granules were fluidized for a further 10
min to ensure complete drying.

Assay of drug content

For each batch of coated granules, the diphen-
hydramine HCI content was determined by dis-
solving about 1 g of accurately weighed coated
granules in distilled water and made up to volume
in a 100 ml volumetric flask. Aliquots of the
content in the flask were filtered and the ab-
sorbance was determined spectrophotometrically
(Perkin Elmer Model 550, USA) at 256 nm. All

TABLE 2
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the assays were carried out in triplicate and the
mean values reported. The coating process ef-
ficiency was determined by expressing the mean
drug content as a percentage of the theoretical
drug loading.

Sieve analysis

The size distribution of the coated granules
were evaluated by mechanical sieving with a series
of sieves with aperture sizes, 1.0 mm, 850 pm, 710
pm, 600 pm, 500 pm, 425 pm, 355 pm, and base
pan. The sample load was 80 g. The nest of sieves
was shaken at 40 Hz continuously for 10 min
(Endecotts Sieve Shaker, Model EVS1, U.K.). The
weight of the coated granules retained on each

Summary of formulations applied to lactose granules using standardized process conditions

Process conditions

(a) Fluidizing airflow rate (m*/h) 90-110
(b) Inlet air temperature ( ° C) 80
(c) Outlet air temperature ( °C) 50-54
(d) Spray nozzle diameter (mm) 0.5
(e) Atomizing air pressure (bar) 0.8
(f) Spray rate (ml/min) 6-8
(g) Spray interval Intermittent
(h) Postcoating drying conditions 80°C, 10 min
(i) Lactose granule load (g) 200
Batch No. Formulation
Diphen- HPMC(C15 ® MC13-15°® MC80-120 ® MC350-550 ® Distilled
hydramine ® ® ® ® water to
HCl (g) (ml)
D30 30 - 10 (2) - - 500
D100 100 - 10(2) - - 500
M1510 75 - 10 (2) - - 500
M1520 75 - 20 (4) - - 500
M1520A 75 - 20 (6) - - 334
M1530 75 - 30 (6) - - 500
M1530A 75 - 30 4) - - 750
M1545 75 - 45 (6) - - 750 @
M10010 75 - - 10 (2) - 500
M45010 75 - - - 10 (2) 500
P1510 75 10 (2) - - - 500
P1520 75 20 (4) - - - 500
P1530 75 30 (6) . - - 500
P1545 75 45 (6) - - - 750 2

* A larger total volume of coating solution was used to maintain its viscosity to a sprayable level.
° The figure in parentheses indicates the % w/v of the polymer in the coating solution.
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sieve was recorded. Sieving was repeated for each
batch of granules.

Dissolution studies

In vitro dissolution tests were conducted in 900
ml of distilled water at 37 + 0.5° C using the USP
XXI dissolution Apparatus 1 (rotary basket
method) (Hanson, Easi-Lift, Model QC72R,
U.S.A)) at a speed of 50 rpm. The base of the
dissolution basket was lined with a plastic disc to
retain the granules in the basket during the dis-
solution test. Accurately weighed samples of
coated granules (600-850 pm) containing the
equivalent of about 200 mg of diphenhydramine
HCI were used. Samples of 5 ml of the filtered
dissolution medium were withdrawn periodically
and assayed for drug released using a spectropho-
tometer at 256 nm. A minimum of three replicates
were performed for each batch of granules.

Disintegration

The disintegration time of individual coated
granules in 900 ml of nonagijtated distilled water
at 37 £ 0.5° C was determined. Each granule was
placed into the distilled water and the time taken
for it to disintegrate was recorded. At least 20
granules were tested and the mean time calcu-
lated.

TABLE 3

Summary of results on investigation of process conditions

Results and Discussion

Process conditions

The determination of the suitable processing
conditions for the use of the fluidized-bed
equipment in the coating of lactose granules was
carried out.

The results of the variation in process condi-
tions are summarized in Table 3. The quality of
the product and the efficiency of the coating pro-
cess were examined on the basis of the following
criteria: (a) proper fluidized particle flow pattern;
(b) degree of aggregation of the granules; (c) ex-
tent of spray drying; (d) uniformity of the coating
in each batch of granules.

The first two factors were studied during the
coating process itself. The degree of aggregation of
the granules was also assessed by means of sieve
analysis of the coated product. The uniformity of
the coating in each batch of granules and the
extent of spray drying were indicated in the drug
content assay results.

The particle flow pattern in a bottom-spray
fluidized bed coater is established with the aid of a
coating partition and an air distribution plate,
which controls the airflow. Most of the warm
incoming fluidizing air is diverted through the
cylindrical coating partition and together with the

Experiments
A’ B C D E F G
Aggregation * X + + + + + -
Spray drying * X - - - + + -
% Weight of
granules retained X 25.0 21.4 41.9 18.6 28.3 0.4
on 1.0 mm sieve (%)
Mean drug content
per g product (mg) X 258.8 257.7 259.3 2331 245.4 257.6
Coefficient of X 0.66 0.81 0.39 0.74 0.49 0.53
variation (%)
% coating efficiency © X 98.4 97.9 98.5 88.6 93.3 97.9

# _, indicates little or no aggregation/spray drying; +, occurrence of aggregation/spray drying.

ki Complete defluidization; process discontinued.

¢ Coating efficiency = mean drug content as percentage of theoretical drug loading.



atomizing air from the spray nozzle, cause the
granules to circulate, much like that of a spouting
water fountain. The granules are fluidized and
carried up the coating partition where they are
sprayed concurrently with the coating liquid until
they lose their momentum in the expansion zone
and fall back onto the top of the bed outside the
coating partition. The air in this down bed acts to
cushion and dry the partially coated granules as
they travel downwards to continue the cycle
through the coating partition.

The selection of the proper coating partition
height in relation to the air distribution plate used
as well as the distance between the lower end of
the partition and the air distribution plate is nec-
essary to ensure a smooth circulation of granules
in the product container (Hall and Pondell, 1980).
Preliminary investigations resulted in the selection
of the appropriate coating partition and setup that
were adopted in the subsequent experiments: (a)
diameter of cylindrical coating partition = 61 mm;
(b) height of coating partition = 180 mm; (c) dis-
tance of coating partition from air distribution
plate = 34 mm.

The primary objective of particle coating is to
envelop each particle or granule with sufficient
coating material to achieve the desired function.
Therefore, product aggregation and spray drying
both represent less-than-satisfactory process con-
ditions because they indicate diminished process
efficiency. In both cases there is a decrease in the
final product yield as aggregated material must be
removed by screening while spray drying could
lead to unacceptably high loss of coating material
as fines entrained in the exhaust air.

To produce discretely coated granules without
aggregation, it is desirable for the granules to be
sprayed-coated and dried without flocculation. In
the coating partition the random and intense con-
tact between the granules and the coating liquid
results in aggregration due to liquid bridges, that
is, localized wet quenching is inevitable in this
spray zone. As the wet flocs of granules (loose
aggregates) which are produced begin to move
away from the spray zone in the coating partition,
drying of the coating solution occurs. If these
flocculated granules are not separated into dis-
crete particles or at least reduced to much smaller
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masses of aggregrated granules before the liquid
bridges completely solidify, they will rapidly
segregate effectively as large, permanent ag-
glomerates and cause the bed to defluidize prema-
turely.

A summary of the process conditions employed
are shown in Table 1. From the summarized re-
sults given in Table 3, it was noted that a fluidiz-
ing airflow rate higher than 70 m’ /h was required
for the coating process. When a fluidizing airflow
rate of 60—70 m®/h was used (A), the onset of bed
quenching was observed within 20 min and com-
plete defluidization of the bed in 30 min, which
necessitated the discontinuation of the process.
Increasing the airflow rate to 90-110 m*/h (B)
allowed the coating process to proceed to comple-
tion although slight defluidization occurred to-
wards the end of the process. The sieve analysis of
the coated granules of different batches showed
that the product fraction retained on the 1.0 mm
sieve consisted almost entirely of aggregated gran-
ules. Thus, the percentage of the final coated
product that is retained on the 1.0 mm sieve could
be used as an indicator of the degree of aggrega-
tion of the coated granules.

The particle size distributions of the coated
product in Expts B-G are depicted graphically in
Fig. 1. In Expt B, a fairly large proportion (25%)
of the product was made up of aggregated gran-
ules > 1.0 mm in size. However, at maximum
airflow rate of 120-130 m®/h used in Expt C, the
extent of aggregation of the coated granules was
only slightly reduced to 21.4% from 25%. It is
apparent that aggregation occurred more readily
at a lower inlet air temperature. The importance
of efficient drying of the coated granules in the
fluidized-bed is shown in Expt D. A reduction of
inlet air temperature from 80 to 60°C caused a
marked increase in the tendency for the aggrega-
tion of the granules. About 42% of the coated
granules was retained on the 1.0 mm sieve as large
aggregates compared to 25% in Expt B. Using a
higher temperature of 95°C in Expt E restricted
the formation of large aggregated granules (> 1.0
mm) to 18.6%. However, the coating efficiency
decreased to 88.6% (Table 3) indicating significant
spray drying of the coating liquid droplets and
consequent loss of coating material.
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Fig. 1. Size distribution of coated granules produced under
different process conditions; (), B (continuous spray); (&) C
(120-130 m*/h); (a) D (60° C); (©) E (95° C); (v) F (1.6 bar);
(%) G (intermittent spray).

The effect of increasing the atomizing air pres-
sure was studied in Expt F. The higher atomizing
pressure (1.6 bar) resulted in the production of
finer atomized coating solution droplets, thus in-
creasing the tendency for the spray drying of the
coating droplets. This is reflected in the lower
coating efficiency of 93.3%. The aggregation prob-
lem did not seem to improve with an increase in
the atomizing air pressure. A similar extent of
aggregation of the product (28.3%) occurred as in
Expt B. In addition, the granules were blown up
by the strong atomizing air and trapped by the
exhaust air grid, thus decreasing the final product
yield.

The overall process efficiency with respect to
the application of the drug-polymer coating solu-~
tion could be assessed in terms of the drug content
uniformity and coating efficiency. The results are
shown in Table 3. The smalil drug content varia-
tion from the mean value with a coefficient of
variation of less than 1% indicated that the drug
distribution is relatively uniform. The bottom-

spray process employed evidently was quite effi-
cient in applying the drug to the surface of the
granules and resulted in little loss of material
(high percentage coating efficiency of over 97% in
most cases).

In order to decrease further the extent of aggre-
gation and at the same time minimize spray dry-
ing, Expt G was performed in which the process
conditions used were the same as those in Expt B
except that an intermittent spray method was
adopted instead of continuous spraying. The
spraying of the coating solution was stopped at
occasional intervals and the contents of the prod-
uct container were partially dried in the warm
fluidizing air to facilitate the separation of loose
aggregates into discrete granules in between appli-
cations. This considerably decreased the forma-
tion of aggregrated product. Only 04% of the
coated granules existed as aggregrated units larger
than 1.0 mm in size (Fig. 1). The coating efficiency
and uniformity of coating distribution were high
and comparable to that obtained in Expt B. This
intermittent spray method also has the advantage
of minimizing adjustment of other process param-
eters when investigating different coating formula-
tion variables, for example, coating compositions
of varying viscosity, whereby a higher viscosity
would tend to cause increased granule aggregation
tendency (Chopra and Tawashi, 1982). Therefore,
the process conditions in Expt G were adopted for
the subsequent study of the formulation variables.
It is important to emphasize that the optimal
conditions for a particular application will differ
in fluidized-bed spray coaters of other dimensions
and designs.

Drug loading

The intermittent spray process in Expt G was
used as the standardized process conditions for
studying the effect of formulation variables which
are outlined in Table 2. A high coating efficiency
of at least 97% and uniform drug distribution with
a coefficient of variation of less than 1% were
achieved in all the different batches.

The release curves for the coated granules with
varying drug loading are shown in Fig. 2. When
the drug loading was increased to 100 g, as in
batch D100, the release rate of the drug was
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Fig. 2. Effect of diphenhydramine HCl loading on its release

from the coated granules; (0) D30 (30 g); (a) M1510 (75 g) ;

(v) D100 (100 g); (®) drug powder.

higher compared to a drug loading of 75 g (batch
M1510). On the other hand, the release profile of
batch D30 with a drug loading of 30 g was almost
identical to that of batch M1510. On spraying, a
portion of the dissolved drug would be recrystal-
lized from the coating solution as fine crystals.
These are deposited onto the surface of the lactose
granules and held there by a combination of the
adhesive effect of the polymeric binder and the
liquid bridges of the application medium. The MC
polymer would have a maximum binding capacity
or ability to immobilize drug particles on the
granule surface. At a high drug loading, the MC in
the drug coat might not be evenly distributed. In
addition, the drug particles might not be fully
coated by the relatively small amount of methyl-
cellulose polymer compared to a coating formula-
tion that has a lower drug: polymer ratio. Hence,
the non-uniform binding effect of the MC in the
dry coat could have led to a faster drug release
rate in batch D100.
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Polymer content and viscosity grade

The drug : polymer ratio was varied keeping the
amount of drug constant and changing the amount
of polymer used (Table 2). As shown in Fig. 3, the
release rate of diphenhydramine HCl from the
coated granules was lowered when the amount of
MC used in the formulation was increased from
10 g (batch M1510) to 20 g (batch M1520). This is
reflected in the increase in Ty,q from 31.8 to 72.7
min and Ty, from 133.0 to 193.6 min. However,
when the MC content in the formulation was
increased further to 30 g (batch M1530), the over-
all drug release rate of the coated granules was
higher than that of batch M1510 and batch M1520.
Shorter Tiyq (34.5 min) and Tyyq (74.5 min) were
observed. A drug release profile similar to that of
M1530 was obtained for batch M1545 suggesting
that any further increase in the amount of MC
deposited onto the lactose granules has little effect
on the drug release.

The MC in the granule coating hydrates and
gels when in contact with water, thereby influenc-

110 7
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80}
70 -
60+

501
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40 -
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0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)

Fig. 3. Release of drug from granules coated with drug-MC

solutions of varying MC content; (a) M1510 (10 g); (O)

M1520 (20 g); (v) M1530 (30 g); (O) M1545 (45 g); (W) drug
powder.



170

TABLE 4

Disintegration of granules coated with varying amounts and

viscosity grades of MC and HPMC

Batch Drug:polymer % w/wof  Disintegration
No. ? ratio polymer time © (s)
in coated
product ®
M1510 75:1 35 178+ 3.0
M1520 3.75:1 6.8 468+ 9.2
M1530 2.5:1 9.8 ND
M1545 1.7:1 141 ND
M10010 7.5:1 35 ND
M45010  7.5:1 35 ND
P1510 75:1 3.5 161+ 4.9
P1520 3.75:1 6.8 442+ 9.8
P1530 25:1 9.8 70.3+12.4
P1545 1.7:1 14.1 126.4+25.1

* Codes refer to formulations outlined in Table 2.

® Amount of polymer applied as a percentage of total weight
of coated product.

“ ND: coated granules did not disintegrate but remained as
intact particles.

ing the release of the drug from the coated gran-
ules. As the MC content in the dry drug-polymer
coat is increased, the resulting gelatinous diffusion
layer would be thicker and more resistant to water
penetration and erosion. Therefore, the dissolution
and diffusion of the drug out of the gelled coat
will be delayed. This is in aggreement with the
disintegration data given in Table 4. The coated
granules from batch M1510 disintegrated very fast,
in 18 s, while batch M1520 required a longer time
of 47 s to disintegrate. The granules floated in the
water prior to their disintegration. However on
disintegration, the fragments sank to the bottom
of the disintegration apparatus and formed into a
gelled mass. The relatively thin MC coat in batches
M1510 and M1520 allowed rapid water penetra-
tion and swelling, culminating in the disintegra-
tion of the coated granules. On the other hand, the
coated granules in batches M1530 and M1545 did
not disintegrate but remained afloat in water. The
lactose core was slowly dissolved and diffused out
of the gelled coat. This is indicated by the white
core becoming translucent with time. Although
water penetrated into the granules, the disintegrat-
ing forces caused by the swelling of the MC in the
drug-polymer coat and the increase in the internal

hydrostatic pressure were not able to overcome
the binding forces due to the adhesive action of
the thicker coat. The coated granule is hydrody-
namically balanced upon hydration, the buoyancy
resulting from an increase in the bulk volume due
to the swelling of the polymer and the air en-
trapped in the lactose core of the gelled particle
during the fluidized-bed coating process. The dis-
integration of the coated granules from batches
M1510 and M1520 enabled the entrapped air in
the lactose cores to escape. Consequently, the dis-
integrated fragments sank into the water.

The disintegration characteristics of the coated
granules could in fact be used to account for the
release profiles obtained in Fig. 3. It was observed
that the samples from M1510 and M1520 which
have a low level of MC in the formulation, 10 and
20 g, respectively, swelled, disintegrated and
formed into a gelled mass that was stuck to the
base of the dissolution baskets almost immediately
on contact with water. But when the content of
MC in the coating formulation was increased be-
yond 20 g to 30 g (M1530) and 45 g (M1545), the
coated granules did not gel up as a single mass at
the bottom of the dissolution baskets. Instead,
they were dispersed inside the dissolution baskets
as small aggregates of intact gelled granules. The
buoyancy of the coated granules and the swirling
action of the rotating dissolution baskets contrib-
uted to the dispersion of the aggregates. The ex-
istence of the wetted granules as small aggregates
during the dissolution test effectively increased the
surface area available for drug release which
negated the retarding effect with increasing MC
content in the granule coat. As a result, M1530
and M1545 had unexpectedly faster drug release
than M1510 and M1520.

Increasing the viscosity grade of the MC poly-
mer in the granule coat may increase the gel layer
viscosity and thus slows drug diffusion. However,
the release profiles (Fig. 4) did not appear to fit
into such a trend. A higher release rate was ob-
served for the higher viscosity grades of MC 80—
120 cp and 350-550 cp used in batches M10010
(Tsgq = 32.0 min, Ty = 76.0 'min) and M45010
(T5p4 a 35.0 min, Tyq = 57.5 min), compared to
MC 13-18 cp in M1510 (7554 = 31.8 min, Toyq =
133.0 min). The results from the disintegration test



(Table 4) showed that a similar situation to M1530
and M1545 was obtained; the granule samples
from M10010 and M45010 did not disintegrate
when they were hydrated in water. It has been
shown that MC films undergo rapid swelling when
hydrated whereby the swelling rate decreases with
increase in the viscosity grade of the MC (Wan
and Prasad, 1990). The swelling of the film is the
net effect of the balance between the adhesive
forces that retard swelling and the stretching of
the individual MC polymer strands in the film on
hydration. The adhesive and thickening properties
of MC are dependent on the polymer chain length
and the degree of substitution (Greminger et al.,
1980). These factors are reflected in the viscosity
of the MC whereby a higher viscosity grade MC
has greater adhesive action. In M10010 and
M45010, the strong adhesive effect of the high
viscosity MC maintained the integrity of the gran-
ules and prevented their disintegration caused by
swelling. Accordingly, the granule samples of
M10010 and M45010 were also observed to be

Cumulative % Released

O B T T T T I 7 T T
0 20 40 60 80 100 120 140 180 180 200220240
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Fig. 4. Release profiles of drug-coated granules prepared with

different MC viscosity grades; () M1510 (13-18 cp); (O)

M10010 (80-120 cp); (o) M45010 (350-550 cp); (W) drug
powder.
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Fig. 5. Influence of HPMC content in coating formulation on

the drug release from the coated granules; (a) P1510 (10 g); ()

P1520 (20 g); (v) P1530 (30 g); (¢) P1545 (45 g); (W) drug
powder.

dispersed in the dissolution baskets during the
dissolution test and no gelled mass was formed at
the base of the rotating baskets. Hence, a similar
explanation to that discussed earlier for batches
M1510, M1520, M1530 and M1545 is also appli-
cable to the results observed here. The increase in
the surface area for release due to dispersion of
the coated granules during the dissolution test
apparently more than offset the expected drop in
drug release rate for higher viscosity MC.

Coated granules produced from formulations
with HPMC as the film-forming polymer demon-
strated a different drug release behaviour. The
release profiles of the coated product are depicted
in Fig, 5. In this case, there exists a correlation
between the disintegration pattern and the corre-
sponding release rate of the coated granules. The
release rate decreases with increase in the HPMC
content in the granule coat. The prolongation in
the T5oq from 23.2 to 40.0 min and T4 from 96.8
to 147.4 min corresponded to the increase in the
HPMC content in the formulation from 10 to 45
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g. The disintegration time varied directly with the
amount of HPMC applied onto the granules. The
rank order of the disintegration time of the coated
granules is as follows (Table 4): P1510 < P1520 <
P1530 < P1545. All the drug-HPMC coated gran-
ules disintegrated as opposed to the drug-MC
coated ones although the same amount of polymer
was used in either formulation. As already men-
tioned, the net effect on the disintegration be-
haviour of the coated granules depends on the
magnitude of the swelling phenomenon and the
opposing adhesive action of the polymeric coat.
The higher hydrophilicity and hydration rate of
the HPMC relative to MC (Doelker, 1987) al-
lowed rapid hydration and swelling, leading to the
disintegration of the granules coated with HPMC
before the adhesive action of the HPMC could be
effected. Besides, the lactose core, being highly
water-soluble, will further enhance the rate of
water penetration and hydration of the drug-
HPMC coat on the granules. This is caused by the
osmotic effect exerted when the lactose core dis-
solves.

The surface morphology of the drug-coated
beads plays an important role in their release of
the drug (Mehta and Jones, 1985). Mehta (1986)
has also discussed the effect of the quality of the
surface of the drug layer on the ultimate drug
release characteristics. A recent report by Rekhi et
al. (1989) demonstrated that drug release rate from
drug-layered nonpareil seeds may be affected by
the imperfections on the surface of the drug-poly-
mer coat. An attempt was therefore made to de-
termine whether the more rapid drug release from
M1530 compared to M1520 was due to the con-
centration of MC in the coating solution. Batches
of coated granules were prepared by spraying with
6% w/v MC (M1520A and M1530) and with 4%
w/v MC (M1520 and M1530A) coating formula-
tions but keeping the total amount of MC de-
posited constant. The coating formulations are
shown in Table 2. The drug release profiles from
the resultant coated granules were compared in
Fig. 6. The overall release rates of M1520A and
M1530 which were coated at a higher MC con-
centration (6% w/v) showed an increase in com-
parison to M1520 and M1530A which were
sprayed with 4% w /v MC. This may be attributed
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Fig. 6. Release of drug from coated granules as a function of
the MC concentration in the coating solution at the same MC
content; (a) M1520 (4% w/v); (v) M1520A (6% w/v); (O)
M1530 (6% w/v); (&) M1530A (4% w/v); (M) drug powder.

to the presumably different morphological char-
acteristics of the resultant drug-MC coat obtained
from coating formulations of varying viscosity.
Notwithstanding, the effect of viscosity of the
coating solution on the release rate of the coated
product, the release profiles in Fig. 6 did not
deviate from the earlier observation that a gener-
ally higher release rate is exhibited in granules
coated with 30 g of MC (M1530) vis-a-vis 20 g of
MC (M1520).

Conclusion

In fluidized-bed coating, simultaneous drying
and particle enlargement are carried out by spray-
ing coating liquid onto a fluidized layer of dry
particles. Particle growth occurs either by particle
coalescence or by the more desirable mechanism
of layering of solids from the feed liquid onto the
surface of the bed particles.



In order to achieve reliable operational condi-
tions, the fluidized-bed coater must operate in
such a manner that no large aggregates are formed
which may segregate in the bed and cause a de-
mixed or defluidized bed to be initiated. Decrease
in mixing behaviour in the bed will eventually
cause complete defluidization resulting in a de-
terioration in product physical form. In the study,
the intermittent spray conditions adopted were
effective in minimizing aggregation of the coated
granules and spray drying of the coating liquid,
and therefore resulted in high process efficiency.

The dosage form described in this work con-
sists of a lactose granule core which is coated with
a water-soluble polymeric film containing the drug.
The drug-polymer film on the granules in effect,
functions essentially as a hydrophilic matrix sys-
tem. Drug release it seemed, is controlled by a
combination of diffusion of the drug from and
erosion of the polymeric coat.

The in-vitro drug release profiles of the drug-
coated lactose granules depend to a large extent,
on the drug loading as well as the nature, viscosity
grade and the total content of the polymer present
in the coat of the final product. An increase in the
amount or the viscosity grade of the polymer
applied is not necessarily accompanied by a de-
crease in the drug release rate of the coated gran-
ules. Another important factor to consider is the
rupture or disintegration of the coated granules
when they are hydrated. This would depend on
the nature of the polymer forming the coat, such
as its hydration rate and adhesive properties. The
disintegration behaviour together with the air en-
trapped in the lactose core during the coating
process which imparts buoyancy to the final coated
granules, can have a significant effect on the over-
all release kinetics of the drug from such coated
granules. Recent studies by Korsmeyer et al. (1983)
and Hashim and Li (1987) have in fact suggested
that entrapped air seemed to result in zero-order
release of potassium chloride from compressed
HPMC matrices. The results obtained in this study
are therefore important considerations in the de-
sign of drug-coated granules as modified-release
dosage form employing a water-soluble polymeric
system.
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