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ABSTRACT

A method was developed for coating non-uniform granular
particles In a uniform and controlled manner. Specific surface
area was calculated based on the sieve-analysis data of uncoated
theophylline granules which was used as the model compound.
Theophylline granules were coated with different amounts of
Eudragit® L30D utilizing a Wurster coating apparatus. The ln=
vitro dissolution rate profiles of several batches were de-
termined. Standard dissolution curves were established based
on the amount of Eudrag!+® L30D applied per unit area of theo-
phylline granules. Using these curves as a standard, a prediction
of dissolution rate could be made based on the knowledge of
specific surface area of the theophylline granules and the

amount of coating applied.
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INTRODUCT | ON

Film-coated tablets can be prepared by depositing one or
more flim-forming polymers ontc the core surface using
different types of equipment and a wide varliety of coatling
procedures. These processes are easlly controlled and are
well defined due in large measure to the nature of the
particular teblet formulation. Tablets of a given formula-
tion are compressed to a specific set of requirements (l.e.,
thickness, shape and weight). Therefore, each batch of
tablets of a given weight wil! have a uniform apparent
surface area fo be coated. |In addition, 1f there Is
uniform spraying/+umbling In the equipment, each tablet In
the coating operation at any particular time should be
representative of every other tablet. Therefore, the amount
of coating applied Is easlly determined during the process
by monitoring the weight galn of a group of tablets under-
golng the coating operation (1). Usually the finished tablet
contains no more than Z to 5 percent by weight of the coating
material (2).

Non—-uniform granular systems can be coated with fllIm-
forming polymers as well (3,4). 1t is very difficult to
monlter the welght gain durling such a process because each

particle Is irregularly shaped and the welights of the

particles are not uniform. Even If the particles were

uniform, it would present a challenge to the formulator to
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welgh a representative number of particles to monitor the
weight galn durlng the process. Therefore, In a multi-
particulate coating operation, the formulator does not

have the convenlence of being able to monitor the amount of
coating applied per unit surface area by using the weight
gelin measurement. For this reason, most processes dealIng
with coating multiparticulate granular substances usually
employ two concurrent methods to control the process:

(1) use a narrow sieve fraction of the uncoated granules;
and, (2) apply a fixed welght of polymeric substance by using
a specific amount of coating suspension or sclutlon (3,4).
The former method Is nct cost effective because not all of
the raw materlal can be utilized from & given batch. In
addition, there Is a possipility that variation in surface
area can occur between two lots of granular material that
meet a glven mesh fraction speclfications. For example, If
two lots are labelled as 12/20 mesh material, one could be
12/14 mesh while the other could be 18/20 mesh. Most of the
time the latter method is effective. However, if there is
skewing of the mesh fractlion as already mentioned, there Is
a possibility that the coating operation will result In a
product that could be out of specification. I+ is the
purpose of this report to show a convenient means of coating

non-uniform granular particles In a uniform fashion and to
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use the method as a tool to determine the amount of coating

to apply.
EXPERIMENTAL

Materials

Theophy !l | ine anhydrous granulesa'b and talc® were USP
grade. Polyethylene glycol 80009 and xanthum gum® (Keltrol®)
were NF grade. The coating system contained Eudragit® L3opf
which conslisted of a copolymer of acrylic-methacrylic acld and
acrylic-methacry!ic acid methy! or ethyl esters. All
reagents were analytical grade or better.
Equipmepnt

The coating experiments were conducted using two
different alr suspension coating columnsgsP,

The dissolutlon tests were conducted using apparatus ||,
USP XXI/NF XVI with paddle. Aglitation speed of 50 rpm was
used In this study. Flve hundred milligrams of coated
granules were used with 900 mL of dissolution medlum at 37°C.
The dissolution medium consisted of a pH 3.0 phosphate buffer.
Samples were removed at suitable time intervals. The
collected samples were assayed spectrophotometrically using a
Beckman DU®-6 specfrophofomefer' at 271 nm for theophylline
content.
Sleve-Analysis

The size distribution of the theophylline granules was

evaluated by a sleve-analysis technique using a set of U.S.
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TABLE |
Composition of Coatling Dispersion

Percent w/w

Eudragit® L30D (Solid Content) 53.7
Talc, USP 40.6
Polyethylene Glycol 8000, NF 5
Keltrol® (food grade) 0
Distilled Water q

standard sleves, namely #20, #30, #40, #50, #60 and base
pan. The sleving load was 100 grams. The sleve nest was
shaken using an automatic shakerJ for ten minutes. The net
welght that was retained on each sieve was then determined
and recorded. Duplicate samples were run for each batch of
theophylline. The average values were used for the
calculetion of particle slze distribution.
True Density

The true density of each sample of theophylline granules
was determined by using a solvent displacement method.
Coating Operation

A predetermined amount of theophyllline granules was
coated In an air-suspension column using an Eudragit+® L30D
dispersion. The composition for the dispersion is presented
in Table I. Different amounts of the Eudragit® L30D coating
were applied to the theophylline granules by spraying pré-
determined amount of the coating dispersion onto the

theophy!line granules. Samples were teken at approprleate
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intervals. In all, a total of 36 samples were collected

for testing and evaluation of the results.

JHEORETICAL
Calculatlion of Surface Area

Surface area can be related to particle size by plotting

particle slze versus cumulative weight percentage oversize from

sleve analyslis date on a logari+thmic-probability grid.

Linearity of this plot, shown in Flgure |, Is Indicative of a

log-norral distribution (2). The geometrlc mean diameter (dg)

can be determined directly from the plot by determining the
particle size which corresponds to the 50 percent probability
value. The geometric standard deviation (og) for each log-
norma! distribution materieal can be calculated from the
equation:

og = 84.13% size.
50% size

where the numerator value is the extrapoleted value at
84.13% oversize from Figure 1.

The calculation of specific surface area from a log-
normal distribution has been reported by Herdan (5), based on
an equation derlved by Hatch and Choate (6). For a size
distribution by weight, the equation for mean volume-surface
diameter (dyg) was expressed by Parrott (7) as:

log dyg = log dg = 1.151 log? og
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FIGURE |
Plot of Log-Normal Size Distribution for Theophy!line
Granules

Assuming the particles were spherical, the specific surface
area (SA) was expressed by Martin, et al (8) as:

SA = 6
Pdyg

where ©= true denslity
RESULTS_AND_DISCUSSIONS
A series of coating experiments were carried out with
eight different batches of theophylline granules. The
granules were coated In an Aeromatic S-4 column with the

formule given in Teble |.
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Particle size distribution and the true denslity of each
of the elght batches of theophylline granules were
determined. The geometric mean diameter and the specific
surface area for each of these batches were then calculated
(Table 2). Different amounts of the coating suspensicn were
applled to each of the eight batches of the theophylline

granules. At various fime Intervels throughout each of the

eight coating cycles, samples were withdrawn and the amount of
coating applied per unit area (cm?) was calculated. The

max Imum amount applied on each of the eight baiches is
presented in Table 2.

A graph of percent cof theophylline released versus the
amount of Eudragit® L30D applied per cm? of theophyl line
granules for all 36 samples was constructed (Figure 2). The
three curves show the percent theophylline released at
three different time irtervals; namely, 1, 2 and 3.5 hours.
Using these curves as a standard and knowlng the surface area
of any batch of theophylline, the desired dissolution rate
profile could be obtained.

To test this hypothesis, two lots of theophylline
granules, having speciflic surface area of 97 and 65 cm2/g
respectively, were coated with the same amount of coating
suspension of the formula in Table 1. The data showed
dramatic dlfferences In dissclution profile between these two

batches of coated granules (Figure 3). This experiment

RIGHTS

i,



581

COATING NON-UNIFORM GRANULAR PARTICLES

+sanuedb su)|jAydosy) JO fO| SwWeS 8y} WOy SWNIP JUSJD}LLIQJ %

9¢¢” | €2°09 69" | 09L *G
622"\ €Z°09 G9p° | 03L %S
60Z° 1 gl* 19 9y | 0gL 14
Zvg°0 88°19 0ep° ! 0ZL 13
868°0 €0°86 ogy” | 08L Z
9r8°0 95°19 oLv’ 1 0ZL *!
9¢0° 1 91°69 WA 00L *!
z10°1 17° %9 A Al oL »l
(zw2/6ur)
gody 9oe4ung (SUOJD|W)
+lun Jod pojddy Am\NEuv (9o/wb) Jeoue| g *ON 107

Pljog wnupxey eedy @d24ung ojj)oedg  Ajisuag enay  uesy da4owosg 8u||jAydoeyy

Apnig siy4 Uy pesp sajnuedy auyfjAydosy) jo susjswedsed jBI)SAUd

Z 17avl

*Ajuo asn feuossad o4
ZTH72/TO Uo IUel|fe N OLB( Y ©9101|q1g AQ WOD'a./eay} [eaLeliojul woly papeojumod Adew.leud feLisnpu| pue juswdoprag Bnia

i,

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12
For personal use only.

PERCENT DRUG RELEASED

582 LI ET AL.

100

90

~J
o

o
o

w
o

0 0.6 0.8 1.00 1.2
AMOUNT OF EUDRAGIT® L30D APPLIED PER UNIT SURFACE AREA (mg/cm?)

FIGURE 2
Percent of Theophyl!lline Released Versus Amount of
Eudrag!t® L30D Applied per Unit Surface Area (mg/cmz).
[Key: O -First Hour Interval, /A -Second Hour !nterval,
0-Three and One Half Hour Intervall.

pointed out that the specific surface area of raw material
should be closely monitored so as to obtein a consistent
coating In order to control the release rate. However,
sufficient data should be generated for a speclific formulation
so as 1o establlish & standard correlation of the variables
Involved which in turn can be utilized to obtain a batch to

batch uniformity.
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FIGURE 3

Dissolution Proflle of Samples from Batches Prepared with
Two Different Lots of Theophyllline Granules Coated with
the Same Levels of Eudragl+® L30D Polymer Contents Uslng
18 Inch Wurster Coater Fitted on to Glatt GPCG 60/100.
[Key: X-Batch | (Speciflic Surface Area of Theophy!line:
65 cm?/g), 0-Batch 2 (Speciflc Surface Area of
Theophy!line 97 cmZ/g)].

CONCLUS] ON
Besed on the data and discussion presented In this paper,
it is apparent that this approsch allows the use of granules
from any batch of material to be coated in a uniform manner,
as long as the specific surface area of the granules of rew

material can be determined. |In other words, the specific
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surface area of the raw materlial should be closely monlitored
In order to achieve a conslistent coating process.

Since raw materlals could exhibit significant specific
surface area variability on a batch to batch basis, and even on
a drum o drum baslis within a batch, the experimental approach
presented in this paper can be used to minimize the effect of
those variations on the final coating process. A standard
plot of percent drug released versus amount of polymer applied
per unit area of raw materlal can be utilized to estimate the
deslired dissolution rate profile.
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EQOTNOTES

a. Boehringer-ingelheim, New York, NY.

b. Knoll Fine Chu..cals, New York, NY.

¢. Charles B. Chrysteil Company, Inc. New York, NY.
d. Union Carbide Corp. Danbury, CT.

e. Kelco, Inc., Rahway, NJ.

f. Rohm Tech Inc., Malden, Massachusetts.

g. 18" Wurster Coater iIn a Glatt Powder Coater/Granulator
60/100; Glatt Air Technique, Inc., Ramsey, NJ.
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Aerometic Coater, Mode! #S-4, Aeromatic Inc.,
Towaco, NJ 0708Z.

Smith Kline Beckman Inc., Philadelphie, PA.

Pulverit Comminution Equipment, Type RP-3020, Geoscience
Instrument Corporation, New York, NY.
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