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Roll Compaction Granulation of a
Controlled-Release Matrix Tablet Formulation
Containing METHOCEL* K4M Premium

Effect of Process Scale-up
on Robustness of Tablets

The use of hydrophilic cellulose ether polymers such as
hypromellose’ in controlled-release (CR) drug compounds
has been well documented. Mogt investigations involved the
use of cellulose ethers with direct-compression and wet-
granulation technologies.*® A few studies of cellulose ether
polymers were based on roll-compaction techniques.®*

Roll compaction is adry compaction-granulation processin
which uniformly mixed powders are compressed between
two counterrotating roll pairs to form a compressed sheet or
ribbon that is then milled (granulated). The advantages of roll
compaction technology in the pharmaceutical industry include
adry granulaion system, high-volume production of granules,
and good control of final bulk density and flow properties.®®

A granulation step is sometimes needed to obtain adequate
flow propertiesin CR formulations in which the hypromellose
polymer level is more than 20% of the find tablet weight.
The formulation must flow evenly on high-speed tablet
equipment to maintain uniform weight and drug content in
each tablet. Because cellulose ether polymers are hydrophilic,
water addition can make wet granulation challenging. Thus, a
dry process that creates uniform powder flow and does not
interfere with the find physica characteristics and drug
release of the tablet could be useful.

Most previous studies of roll compaction and cellulose ethers
included laboratory experiments and in vitro performance
measurements.** Scaling up a pharmaceutica roll-compaction
process from laboratory equipment to larger equipment can
involve severd issues and technologies.®® This supplement
summarizes a study involving the scale-up of amode drug
formulation containing METHOCEL K4M Premium
cdllulose ether and the model drug theophylline from
laboratory roll-compaction equipment to full-scale production
equipment.™*® The supplement discusses the effects of scale-
up on granulation and tablet characteristics and performance.

*Trademark of The Dow Chemical Company
TPreviously referred to as hydroxypropyl methylcellulose or HPMC.

The origina study included stability testing and in vitro/in
vivo correlation (IVIVC). The stability results will be
described in a separate supplement. The IVIVC predictions
will not be covered in this supplement in light of the fact
that in vivo testing will be necessary to determine the true
bioequiva ence between the tablets produced by small- and
large-scale equipment.

METHODS

Note: Complete details of materials and methods can be
found in the published study.*®

Tablet Formulation

* CR polymer: METHOCEL K4M Premium, USP (wt % = 30)
« filler excipient: Fast Flo 316 lactose (wt % = 19.75)

» model drug compound: theophylline (wt % = 50)

* lubricant: magnesium stearate (Wt % = 0.25)

Roll-Compaction Sequence

Table 1 lists the processing parameters used for the studly.
Initia testing was conducted in alaboratory-scaeroll
compactor (model TF-Mini, Vector Corporetion) to determine
the optima parameters for the compaction granulation
process. These parameters were then scaled directly to

a pilot-scale roll compactor (model TF-156, Vector
Corporation). The roll speed was scaled such that the
linear velocity (74.2 in/min) used for the laboratory
compactor was duplicated. Thiswas done to maintain a
comparable dwell time of materid in the compaction zone.
The compaction force was scaled to 5.6 tons; this reproduced
the approximate force-per-linear-inch (3.1 tong/inch) of the
roll width used with the laboratory compactor. The feed of
the theophylline blend was optimized at a screw speed of 5.2
rpm. This established a basdine ratio of screw speed to roll
speed of 1.3 (5.2 rpm/4.0 rpm). To determine the effect of
compaction dwell time on the quality of the compacted
ribbon, the roll speed wasfirst increased by afactor of 2

(8 rpm) in Trials 7 and 8 and later by afactor of 4 (16 rpm)
in Trials9 and 10. Thisresulted in linear roll velocities of
148.4 and 296.8 in./min, respectively. A ratio of screw speed
to roll speed of 1.3 was maintained for these trids.
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Table 1. Processing parameters used for laboratory, pilot-plant, and production equipment.

Lab-scale
E Pilot-scale trials

Trial number 1 2 3 4 5 6 7 8 9 10
Throughput (kg/h) 2 12 12 11 11 11 19 23 45 40
Roll speed (rpm) 6 4 4 4 4 4 8 8 16 16
Linear rall velocity (in/min) ~ 74.2 74.2 74.2 74.2 74.2 74.2 1484 1484 2968 296.8
Screw speed (rpm) 17.9 52 5.2 5.2 5.2 5.2 104 104 20.8 20.8
Screw speed to roll speed ratio  3:01 131 131 131 131 131 131 131 131 131
Rall force (tons) 3 5.6 5.6 5.6 6.6 4.6 5.6 6.6 5.6 6.6
Force per linear inch (tong/in.) 3.1 31 32 3.2 38 2.7 32 3.8 3.2 3.8
Milling method Rotating Rotating Rotating Rotating  Rotating  Rotating Rotating Rotating  Rotating  Rotating

impeller  impeller bar bar bar bar bar bar bar bar
Granulator screen (mesh, 12 12 16 14 14 14 14 14 14 14
US Standard)
Granulator speed (rpm) 500 500 117 117 117 117 117 117 117 117
Trial number 11 12 13 14 15 16 17 18 19A 19B
Throughput (kg/h) 75 75 75 130 130 135 242 228 228 228
Roll speed (rpm) 4 4 4 8 8 8 184 18.4 184 18.4
Linear roll velocity (in/min) 1485 1485 1485 297 297 297 683 683 683 683
Screw speed (rpm) 52 5.2 52 104 104 104 234 234 234 234
Screw speed to roll speed ratio 1.3:1 131 131 131 131 131 131 131 131 131
Roll force (tons) 10.8 9.8 119 10.8 9.8 119 10.8 9.8 119 119
Force per linear inch (tong/in.) 3.1 2.8 34 31 2.8 34 31 2.8 34 34
Milling method Rotating Rotating Rotating Rotating  Rotating  Rotating Rotating Rotating  Rotating  Rotating

bar bar bar bar bar bar bar bar bar bar

Granulator screen (mesh, 14 14 14 14 14 14 14 14 14 14
US Standard)
Granulator speed (rpm) 87 87 87 87 87 87 87 87 87 87
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Scale-up to a production-scale roll compactor (model
TF-3012, Vector Corporation) was accomplished using

the same methodol ogy used for the pilot-plant compactor.
Figure 1 shows the laboratory, pilot-plant, and production
roll compactors used in this study. Like the laboratory
compactor and the pilot-plant compactor, the production
compactor was equipped with concavo-convex compaction
rolls and a single-flight feed screw.

Figure 1. Comparison of laboratory, pilot-plant, and production
roll-compaction equipment.

L)

Parameters from Tria 7 (roll speed = 8 rpm, screw speed =
10.4 rpm, and roll force = 5.6 tons) were used for the
scale-up to the production compactor. It was necessary to
use these parameters to meet the minimum screw speed
requirement (4 rpm) for the production unit. To achieve the
same roll velocity of 148.4 in./min, aroll speed of 4 rpm
was used with the production compactor. The roll force was
scaled to 10.8 tons, which produced a force-per-linear-inch
similar to that used with the pilot-plant compactor

(i.e, 3.2 ton/in. roll width).

The screw speed was set at 5.2 rpm to maintain aratio

of screw speed to roll speed of 1.3 (5.2 rpm to 4.0 rpm),
equdl to that used with the pilot-plant compactor. Thisratio
provided an adequate delivery of the theophylline blend to
the compaction zone. Thiswasin contrast to the scale-up
from the laboratory compactor to the pilot-plant compactor,
which required an adjustment in the ratio of screw speed to

roll speed.

To evaluate the effect of dwell time on the compaction pro-
cess, the roll speed was increased by afactor of 2 (8 rpm) for
Trias 14 through 16 and then by afactor of 4.6 (18.4 rpm)
for Trials 17 through 19B. The screw speed was adjusted
accordingly for dl trids to maintain the ratio of screw speed
to roll speed of 1.3. To determine the robustness of the
process, low and high compaction pressures were used.

For Trials 12, 15, and 18, the roll force was decreased to 9.8
tons (2.8 tong/in.). For Trials 13, 16, 19A, and 19B, therall
force was increased to 11.9 tons (3.4 tong/in.). After granul-
ation, tablets were prepared according to conventional
methods.*"*® A target tablet weight of 400 mg + 3% was used.

Evaluation of Roll-Compacted Ribbons,
Granules, and Tablets

Roll-compacted ribbons were evaluated visually and
with scanning electronic microscopy (SEM). The milled
granules were analyzed for density, percent compress-
ibility (Carr's or compressibility index, Cl), flow, and
particle-size distribution.*

Tablets were tested for friability, thickness, hardness, and drug
rel ease according to conventional methods.*"*® Drug-release
testing of six tablet samples from each variable run was
performed using a dissolution system with simulated gastric
fluid as the medium for the first hour and pH 6.0 phosphate
buffer theresfter.

Drug-Release Profile Testing

Drug-release profiles from each pilot-plant formulation and
each production formulation were compared to the laboratory
formulation using the equation for the f> metric.** The value
for the f- metric is calculated from:

n -05

1
f-=501 =S w (R -T2
2=501log 1+nZw(t )

X 100}

where f- metric isthe Smilarity factor, and R and T: are

the percent drug dissolved at each time point for the test and
reference products, respectively. The valuefor f- metricis
used to evauate drug-release profile smilarity. Generaly,
profiles of controlled-release products are deemed similar if
f2=50.2 Product from the laboratory compactor was
considered the reference product.

Dissolution samples were taken at very frequent intervals
(including every 5 min for first 60 min) until 24 h, for a
total of 40 samples. Because an objective of this work
was to compare the similarity of drug-release profiles
across manufacturing scales, and because f- values are
dependent on the selection of sample times, three more
progressively smaller subsets of al the drug-release data
were considered (labeled sets A, B, C, and D). All four
data sets were subjected to profile similarity.

*



RESULTS AND DISCUSSION

Roll-Compacted Ribbon/Granule Testing

Figure 2 shows SEM photographs (500X) of the external
surfaces of roll-compacted ribbons manufactured under
laboratory, pilot-plant, and production conditions. The five
samples were prepared using similar range of force-per-
linear-inch of roll width (3.1 to 3.8 tong/inch) but different
roll speeds (dwell time). The Tria 1 sample (laboratory)
(Figure 2a) showed the smoothest surface of the samples
tested. There were afew small cracks and voids. This sample
displayed ardatively clean fractured surface. The Trid 4
sample (pilot plant, 4 rpm roll speed) (Figure 2b) displayed
adightly rougher surface than that shown in Tria 1. There
were more small cracks and voids present on the sample
surface. The Trial 8 sample (pilot plant, 8 rpm) (Figure 2c)
showed a considerably rougher surface than the previous
two samples. Cracks and voids of increasing number and
size were observed. Numerous voids contained what
appeared to be fibers and fiber debris. Some loose materia
was a so observed on the surface of the cross-section. The
Tria 10 sample (pilot plant, 16 rpm) (Figure 2d) showed
large, clearly visble cracks and voids. Loose material was
observed in the cracks and voids. The Trid 19B sample
(production, 18.4 rpm) (Figure 2€) showed cracks and voids
similar to the Tria 10 sample.

The Trid 10 sample (pilot plant) and the Trial 19B sample
(production) were manufactured using smilar roll speeds

(16 rpm and 18.4 rpm) and similar roll force-per-linear-inch
of rall width (3.8 tong/in. and 3.4 tong/in.), respectively. The
range of thickness vaues of the roll-compacted ribbons were
asfollows: laboratory compactor 0.048 to 0.50 in., pilot-plant
compactor 0.065 to 0.072 in., and production compactor 0.78
t0 0.118 in. The physical characteristics of the ribbon surfaces
appeared to be related to the relative pressure applied to the
powders during the compaction process.

Visua observation of the compacted ribbons showed that
the edges or borders of the ribbons were broken and not
perfectly uniform in appearance. Thisistypica of ribbons
generated on aroll compactor even though thereis arather
even force applied across the roll face. Powders with poor
flow properties are fed to the nip region of theroll pair by an
auger system which may not be as consistent as, for instance,
a powder feed system used on atablet press. Another factor
that can result in rough-edged ribbons is powder adhesion

to the roll surfaces. Thisiswhy powder lubricants and
anti-adherents such as magnesium stearate and talc are
typically incorporated in powder mixes used in roll
compaction. The idea, Smilar to tablet tooling, isto provide
[ubrication between moving equipment parts and powders
and to minimize powder sticking (adhering) to the roll pair.

Figure 2. SEM photographs (500X) of the external surfaces of
roll-compacted ribbons of a model drug formulation
manufactured under laboratory, pilot-plant, and production
conditions. Results are from (a) Trial 1, (b) Trial 4, (c) Trial 8, (d)
Trial 10, and (e) Trial 19B.
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Table 2 lists the properties for the original formulation
(uncompressed) and the granules from the milled,
roll-compacted formulations. Figure 3 shows representetive
particle-size digtributions (PSD) from the same miilled roll
compaction formulations. In generd, granulations produced
using the production compactor exhibited a reduction in the
bulk density and an increase in the compressibility index
(ClI) as compared to those produced using the laboratory
compactor or pilot-plant compactor. The average bulk
density for the pilot-plant trials was 0.550 g/cm?® compared to
0.528 g/en for the production trids. This decrease in bulk
density may be due to an increase in the percentage of fines
present in the granulations. The increased level of fines may
have also contributed to the increasein the Cl vdue dueto a

Table 2. Summary of physical testing of original
mix and granulations.

Tria Bulk Density Tap Density Compressibility

Description (glemd) (g/lem?) Index (%)

ANDA Rxproduct  na na na
Original Mix 0.420 0.645 36
Laboratory trial
Trid 1 0.610 0.802 24
Pilot-plant trials
Trid 2 0.617 0.730 15
Trid 3 0.516 0.697 26
Trid 4 0.536 0.705 24
Trid 5 0.546 0.683 20
Trid 6 0.528 0.695 24
Trid 7 0.539 0.690 22
Tria 8 0.558 0.735 24
Trid 9 0.558 0.715 22
Trid 10 0.556 0.713 22
Production trials
Trid 11 0.539 0.745 28
Trid 12 0.535 0.746 28
Trid 13 0.531 0.757 30
Trid 14 0.525 0.748 30
Trid 15 0.517 0.727 29
Trid 16 0.533 0.741 28
Trid 17 0.525 0.735 29
Trid 18 0.531 0.743 28
Tria 19A 0.526 0.741 29
Tria 19B 0.534 0.751 28

dight reduction in the flowability of the granulations. The
production trias produced an average of 32.7% particlesfiner
than 100 mesh compared to only 23.0% for the pilot-plant
trials and 19.0% for the laboratory trials. These fines were
generated during the milling process and may have been due
to alonger retention time inside the mill. An increased
retention time may be explained by the increased volume of
compacted ribbons within the mill due to the higher
production rate.

Tablet Property Testing

Table 3 shows the physical properties of the tablets produced
from the ANDA product, direct compression, and the milled,
roll-compacted samples. Tablet friability values usudly relate

Table 3. Summary of tablet physical testing results.
Ave Tablet Ave Tablet Ave. Tablet

Trid Crushing Strength Thickness Weight
Description (scu, sd) (inches) (mg, sd)
ANDA Rx product 16.7, 1.6 390.0,3.0

Original Mix 36.1,25 0.229 401.1,5.3
Laboratory trial
Trid 1 24.3,2.6 0.227 4015, 8.3
Pilot-plant trials
Trid 2 251,22 0.229 402.1, 6.6
Tria 3 261,22 0.229 403.1, 33
Trid 4 289,20 0.229 404.8,9.3
Trid 5 285,21 0.228 404.1, 3.8
Trid 6 297,19 0.229 4029, 4.1
Trid 7 289,19 0.227 3975,7.8
Trid 8 277,17 0.229 4029, 4.1
Triad 9 289,16 0.227 398.8, 3.6
Tria 10 267,16 0.228 400.8, 4.4
Production trials
Trid 11 297,16 0.225 400.1, 3.6
Trid 12 306,14 0.223 401.1,24
Tria 13 295,19 0.225 4025, 3.8
Trid 14 311,14 0.227 4009, 24
Tria 15 304,11 0.227 399.9,31
Trid 16 284,18 0.225 400.3,4.0
Trid 17 312,14 0.224 401.5,3.6
Tria 18 30.7,1.2 0.224 4015, 2.6
Tria 19A 314,13 0.223 400.3,3.1
Trial 19B 303,18 0.228 400.0, 3.6




Figure 3. Particle-size distribution of granulations prepared at
laboratory, pilot-plant, and production conditions.
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to tablet hardness (crushing strength) values in that the

lower the hardness vaue, the higher the friability value. The
friability of al sampleswasless than 1% (data not shown).
This meansthat all tablets exhibited acceptable tablet physica
characterigtics. All tablets exhibited strong physical properties
with very little chipping and no bresking. The tablets showed
no physical defects such as capping or lamination.

All of the samples had aweight variation of 1.2% or less of
the 400 mg idedl tablet weight. Thisiswell within USP
guiddines. All tablets made with roll compaction showed
higher hardness values compared to the ANDA product and
lower hardness than tablets made by direct compression.
Tablets manufactured using the laboratory compactor (Tria 1)
had an average crushing strength value of 24.3 scu. Tablets
manufactured using the pilot-plant compactor (Trias 2-10)
had an average crushing strength range of 25.1 scu (Trid 2)
t0 29.7 scu (Trid 6). Tablets manufactured from granulations
from the production compactor (Trials 11-19B) had an
average crushing strength range of 29.7 scu (Tria 11) to
31.4 scu (Trial 19A).

Drug-Release Profile Testing

Drug-release profiles from laboratory and pilot-plant
formulations are illustrated in Figure 4. Drug-release
profiles from production formulations are illustrated in
Figure 5. The production formulations were more rapidly
releasing, compared to the laboratory formulation.

Table 4 ligsthe f. values in the comparison of drug-release
profiles from pilot-plant and production trids to drug-rel ease
profiles from the laboratory trials. In the comparison of
pilot-plant trials to laboratory trials, f- was always large
(> 80), regardiess whether data set A, B, C, or D was
used. Set A was composed of al 40 of the original
dissolution time points, with sets B, C, and D having
progressively fewer points included. Interestingly, f-
values for the comparison of each production trial to the
laboratory trial were approximately 50. A value of 50 is
generally deemed the lower limit for similarity.

These results emphasize that, in the context of f-, pilot-plant
formulations were similar to the laboratory formulation.
Meanwhile, production compactor formulations yielded f-
vaues of about 50. The exact value was either higher or lower
than 50, depending upon the sdlection of profile time points.
Elimination of early time points reduced f- vaues, since early
time points were most similar, while elimination of late time
pointsincreased f- values. These circumstances are opposite
to those often found with immediate release (IR), where f2 is
often increased when early points are deleted and late points
retained due to larger differences early and smdler
differenceslatein IR profiles, e.g., a complete release.

CONCLUSIONS

All tablets, regardless of equipment scale, exhibited
acceptable physical characteristics. No physical defects
such as capping or lamination were observed. Tablet
crushing strength increased from laboratory through
pilot-plant to production trials.

Table 4. f» Values in comparing each formulation to the laboratory formulation.

Dissolution Pilot-plant trials

Production trials

Data Set Trid 4 Trid 10

A 86.5 84.8
B 84.2 822
C 87.6 82.6
D

83.3 812

Trid 14 Tria 19B
54.9 54.0 52.8
50.5 50.5 494
55.2 54.3 531
49.8 491 480




Figure 4. Drug-release profile from laboratory and pilot-plant
formulations.
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Figure 5. Drug-release profile from laboratory and production
formulations.
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For the pilot-scale trids, f» was dways large (>80), indicating
Smilarity to results from the laboratory trials. Samples from
the production trias showed faster drug release than those
from the laboratory trials. The valuesfor f- were usualy
about 50 for the production-scale trials, which is generaly
deemed the lower limit for similarity. In vivo testing will be
necessary to determine the true bioequiva ence between the
tablets produced by small- and large-scal e equipment.
Nevertheless, roll compaction usng METHOCEL K4MP
was easily scaled from the laboratory to full scale.
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