NOVEMBER 1338 Volume 10 Number 11

W2

i\

uring

| mandliﬂt
y

Solid Dosage

Powder pycnometry
HPMC capsules

Manufacturing Machinery
Fluid bed versus high shear granulators

BioPharm Europe

Proteomics
GMP compliance

&
e
==
a2
&3
e
=
2o
<
=
=
=
£
=
I —
“ !
S
=
==
==
@&
G
A~
-
-
[
==
=2
t=7}
£
==
=
a
()
M

Find authenticated court documents without watermarks at docketalarm.com.


https://www.docketalarm.com/

Photography: Phototechnics, Chester, UK.
Art direction: Peter Fielder-Shaw

Publisher

Clair S. Whitecross
(cwhitecross@adyanstar.com)
Editor

Kevin Robinson
(krobinson@advanstar.com)
Associate Editor

Victoria Hedges

Editorial Assistant

~ Juiian Upton
Production Director
Joanne Armstrong-Smith
Production Designer
Peter Fielder-Shaw
Circulation Director
Andrew Guy

Circulation Manager
Judy Kynnersley
(ikynnersley@advanstar.com)
General Manager

Ralph Vitaro

Group Editor

Stefan Schuber
(sschuber@rio.com)
Conference Manager
Zoey Gregson

Marketing Services Director
Peter Duff

European Sales Representative
Alison Cropper

USA Sales Manager

John Kiesewetter

Classified Sales Representative
Samantha E. Fearon

Ad Co-ordinator

Fiona Chapman.

Published by

*

Advanstar House,

Park West, Sealand Road,

Chester CH1 4RN, United Kingdom
Tel. +44 1244 378 888

Fax +44 1244 370 011

Corporate Dffice
7500 Old Oak Boulevard,
Cleveland,

Ohio 44130, USA

CoMMURICATIIAS

Chairman and CEO

Robert L. Krakoff

Vice Chairman

James M. Alic

VP, Finance, CF0 & Secretary
David W. Montgomery

Executive Vice President,
Business Development

Skip Farber

Executive Vice Presidents
William J. Cooke,

Alexander S. DeBarr,

P Glenn'A. Rogers:
Treasurer & Controller

DOCKET

_ ARM

Volume 10 Number 11
November 1998

Brussels Report — Guidelines for Christmas Shopping
Albedo

The new EMEA notes for guidance on product development dictate
more guidelines to pharmaceutical technologists, with considerable
application to anticancer drugs

12

Washington Report — Costs, Coverage and Commercials

Jill Wechsler

As spending on prescription drugs increases and health plan coverage
changes, FDA looks to find ways to monitor marketing without
interfering with the flow of information concerning new products

18

Mercury-Free Determination of Apparent Density and Porosity
of Pellets by Powder Pycnometry

Firas El Saleh and Peter Kleinebudde

Powder pycnometry is evaluated as an alternative, mercury-free
method for the determination of apparent density and porosity,
important parameters in the development and production of pellets

21

Wet Granulation — Fluidized Bed and High Shear Techniques
Compared

Ole Worts

Two types of wet granulators are discussed, with particular
attention given to granule growth mechanisms, the characteristics
of the final product and the number of unit operations in each
process

32

HPMC Capsules — An Alternative to Gelatin

Toshihiro Ogura, Yoshihiro Furuya and Seinosuke Matsuura

The benefits of HPMC compared with gelatin capsules are suggested,
which include an absence of chemically reactive groups, low
moisture content and the ability to maintain mechanical integrity
under low-moisture conditions

43

BioPharm Europe
The Technology & Business of Biopharmaceuticals

10

Interphex Showcase
A look at some of the products and services available at Interphex
Europe

74

Product Showcase Classified & Recruitment

16

Literature Review Advertisers Index

Next Issue

Subscriptions
Pharmaceulical Technology Europe is distributed free of charge to qualified
readers in Europe.

1 year (11 issues)  2.years (22 fssues)
Qualified readers in Europe Free Free
Non-gualified readers in Europe £76 £135.
Readers outside Eurape £110 £195
Single copy price: £17

For subscription information:

Pharmaceutical Technology Europe, Tower House, Sovereign Park,
Lathkill Street, Market Harborough LE16 9EF; UK

Tel, +44 1858 439,604 Fax +44 1858 469 804

Manuscripts
Al submissions will be handled with
reasonable care, bul publishers assume:

Direct Mail Lists
Contact Marketing Services,
Tel. +44 1244 378 888

Change of Address
Please confirm your new-address in
writing and include the old mailing fabel.

no responsibility for safely of artwork, Fax +44 1244 383 356
photographs, or manuscripts. Reprints
Every precaution i laken to ensure Reprints of all articles in this issue and Recruitment Advertising

accuracy, but publishers cannot accept
responsibility for the accuracy.of
information supplied herein o for any.
opinion expressed.

past issues of this publication are
available (250 minimum).
Cantact Marketing Services.

Tel. +44 1244 378 888

Fax +44 1244 383 356

Contact Samantha E. Fearon.
Tel. +44 1244 378 888
Fax +44 1244 370 011

© 1998 by Advanstar Communications Inc. All rights reserved. Repraduction in part or whole without written

Is strictly ion to photocopy items for internal or

parsonal use is granted by Advanstar Communications Inc., provided that the: base fee of $1.00 per copy plus $.50 per page is paid directly to Copyright Clearance Center, 27 Congress Street, Salem, MA 01970, USA.

Find authenticated court documents without watermarks at docketalarm.com.

|CAJ


https://www.docketalarm.com/

| m—

HPMC CAPSULES

HPMC Capsules — An Alternative

to Gelatin

Hydroxypropy! methylcellulose (HPMC) capsules are made of plant-aerived
3 2 materials and do not contain components of animal origin, eliminating
problems with religious or vegetarian dietary restrictions. Unlike gelatin,
HPMC does not have chemically reactive groups, dramatically decreasing
the potential for reactions between the drug and the capsule shell. HPMC
capsules have a naturally low moisture content, maintain mechanical
integrity. under extremely low-moisture conditions and are, therefore, ideally
suited for use with formulations containing water-unstable drugs.
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ard capsules were developed as
H an edible container to mask the

taste and odour of medicines. As
a result of the introduction of mass-
production techniques and high-speed
capsule filling machines, capsules have
become one of the most popular
dosage forms for pharmaceuticals. Cap-
sules have traditionally been used for
powder or granule formulations, but in
recent years have been adapted to
contain oily liquids, tablets and even
powders for inhalation. Capsules enjoy wide-
spread popularity because of their relative ease of
manufacture (compared with other dosage forms
such as tablets) and flexibility of size to accom-
modate a range of fill weights. They are readily
able to achieve bioequivalence between different
strengths of the same formulation.

Capsules do have some drawbacks. Capsule
shells made from gelatin, the main material used
for this purpose, generally contain 13-15% water
and therefore may not be suitable for use with
readily hydrolysable drugs. Some drugs may react
with the amino groups of gelatin, causing dis-
colouration or formation of crosslinks between
gelatin molecules, which retard capsule dissolu-
tion. Gelatin products are sometimes shunned as a
result of religious or vegetarian dietary restrictions.

For these reasons, work is under way to develop
capsules made of starch, cellulose or polyvinyl
alcohol/vinyl acetate mixtures. Yamamoto et al.
recently succeeded in making capsules from
hydroxypropyl methylcellulose 2910 (HPMC),1 a
material also used as a water-soluble film coating.
We have confirmed the applicability of the HPMC
capsule to products.2 As USP, EP and JP (the
United States, European and Japanese pharma-
copoeia) monographs all describe capsules made of
cellulose or methylcellulose, in addition to gelatin,
the HPMC capsule conforms to pharmacopoeial
standards.

Artwork by Peter Fielder-Shaw.

Manufacturing HPMC capsules

HPMC capsules can be manufactured by the
dipping and forming method, employed for the
manufacture of hard gelatin capsules. Shaped pins
are dipped into a solution of HPMC, after which
the HPMC film is gelled, dried, trimmed and
removed from the pins. The body and cap pieces
are then joined. As HPMC alone does not gel at low
temperatures — temperatures greater than 60 °C
are required — small amounts of carrageenan, a
natural gelling agent widely used in the food
industry, and potassium chloride, a gelling
promoter, are added.

Physical characteristics of HPMC capsules
The HPMC capsule is odourless and flexible, and
exhibits similar dissolution behaviour to the
gelatin capsule. Its appearance is the same, except
that it lacks the lustre of gelatin. The physical
properties of both HPMC and gelatin capsule shells
that may affect stability and dissolution, and
therefore their suitability for use with various
formulations and intended use, are listed in Table I.
Capsule hardness. There are two components of
capsule shell hardness — brittleness and tolerance
to deformation — which determine suitability for
use with automated encapsulating machines, as
well as end use. When the moisture content of the
capsule shell is decreased, as may occur when a
desiccant is added to a package of capsules
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HPMC CAPSULES

containing moisture-labile drugs, gelatin
capsules tend to become brittle and are
subject to breakage during transport and
storage. The relationship between brittleness
and moisture content can be determined
using a hardness tester (Figure 1). The results
of our testing show that the percentage of
broken gelatin capsules sharply increases as
the moisture content of the hard gelatin shell
drops below 10%, although the degree of
brittleness can be modified somewhat by
addition of polyethylene glycol (PEG) during
manufacture. In contrast, no brittleness was
observed in HPMC capsule shells even at
moisture levels of only 2% (Figure 2a).
Tolerance of the capsule shell to denting
or deformation was estimated, using the
same testing device, by determining the
falling distance necessary for a 7 g weight to
cause deformation in 50% of the capsules
tested. As can be seen in Figure 2b, toler-
ance (resistance) of both types of capsules
to deformation increased with decreasing
moisture content. The two types of capsules
show equivalent tolerance to deformation at
their average moisture content levels —
2-5% for HPMC capsules and 13-15% for
gelatin capsules.
Performance during test runs on a capsule
filling machine. Results of the hardness test-
ing suggested that HPMC capsules would be
acceptable for use with automated capsule
filling machines. Capsule filling tests were
conducted with encapsulators, the results of
which are summarized in Table II. Filling
defects, such as deformation, splits, dents or
cracking, occurred at frequencies of less than
0.03%, a rate similar to that observed when
filling hard gelatin capsules.

Biopharmaceutical characteristics
Cephalexin, which is mainly absorbed from
the duodenum, was used as the model

formulation to compare capsule dissolution
and drug absorption from gelatin and HPMC
capsules.

Dissolution from capsules. Dissolution testing
(Figure 3) was performed with solutions of
various pHs using the paddle method
described in the JP. Results of testing in the
JP ‘first test fluid" (pH 1.2) and a solution of
pH 4 (Figures 3a and b) showed no signifi-
cant differences in the dissolution behaviour
of either type of capsule. When using the JP
‘second test fluid” (pH 6.8; Figure 3c), both
types of capsules achieved approximately
100% dissolution. Dissolution times for the
HPMC capsule, however, were approximately
5 min longer than those for the gelatin
capsule, because of the formation and
persistence of a very friable gel membrane
surrounding the drug fill. The presence of
potassium, a known promoter of carrageenan
gelation, in the JP second test fluid was
suggested to be the cause of this membrane
formation.

Subsequent testing of the two capsule
types in various buffer solutions (pH 6.8) that
did not contain potassium or in plain distilled
water showed no difference in dissolution
times, thus supporting our hypothesis
(Figure 3d). As the cation concentration in
the gut is low, test solutions that do not
contain potassium, such as Mcllvaine buffer
(pH adjusted over a range of 3.0-7.5 by
addition of up to 0.05 M disodium hydrogen
phosphate and 0.025 M citric acid), or one of
the pH 6.8 test solutions listed in the USP for
enteric formulations, might be considered
acceptable alternatives for determining rates
of dissolution.

Human studies of cephalexin rates of
absorption from HPMC and gelatin capsules.
HPMC and gelatin capsules containing
250 mg of cephalexin, together with 100 mL
of water, were administered to six healthy

Table I: Physical properties of capsule shells made of HPMC and gelatin.

 HPMC Gelatin

Falling
distance

-

Figure 1: Hardness tester for capsules.
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Water vapour permeability Low Low 0 5 10 (1520
Sl or s No Yes Moisture content of capsule (%)
Maillard reaction with drug fill No Yes =
; ; —a— HPMC
Deformation by heat Above ~80 °C Above ~60 C
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Water dissolution at room temperature Soluble Insoluble Figure 2: Test results of mechanical integrity of
. : HPMC and gelatin capsules at various levels of mois-
Static Low High
g ture content. (a) Brittleness; falling distance of a 509
Light degradation No Possible weight is 10.cm. (b) Tolerance to deformation; falling

distance of a 7 g weight, deforming 50% of capsules.
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Table WI: Performance of encapsulators with HPMC capsules.

Capsule filling machine

Hdéfliger and Karg GKF1000
Hofliger and Karg GKF1000
Harro Hofliger KEM1

Shionogi Qualicaps LIQFIL super80

volunteers under fasting conditions, and
drug plasma concentrations were deter-
mined. As illustrated in Figure 4, drug
concentration profiles were similar, and no
significant differences were observed in total
drug absorbed (AUC, area under the plasma
level curve), peak plasma concentrations
(Cmax) or time to reach peak plasma
concentrations (tmay)-

Application to formulations

Some drugs react with gelatin, which may
prolong dissolution or result in discoloura-
tion of the capsule shell during storage.
Other drugs become hydrolysed by the mois-
ture contained in the gelatin capsule shell.
HPMC is not only chemically inert, but has a
lower moisture content (2-5%), permitting
maintenance of a low humidity environment
within the HPMC capsule shell.

Addressing potential prolonged dissolution
problems. Drugs containing aldehyde groups,
or producing aldehydes on decomposition,
promote crosslinking between gelatin pro-
teins,3 forming a thin insoluble membrane
called a pellicle4 that may delay dissolution. If
the membrane is disrupted by the mechanical
forces of gastric emptying or is broken down
by digestive enzymes, its formation would
not affect absorption and bioavailability of
the drug. The US Food and Drug Administra-
tion (FDA)/Industry Gelatin Capsule Working
Group, in fact, concluded that formation of
an insoluble membrane could be considered
to have a negligible impact on drug bioavail-
ability if the capsules dissolved during the
‘two-tiered dissolution test, which employs a
medium containing digestive enzymes.?

Table Iz Disintegration test results of HPMC and
gelatin capsules filled with a macrolide antibiotic
and stored at 60 °C, 75% RH for 10 days.

Disintegration time (min)

Initial At day 10
HPMC capsule 4.6 45
Gelatin capsule 313 >30
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Pellicle formation, however, still represents
the potential for dissolution problems, and
investigations are under way to find
stabilizers that would prevent formation of
crosslinks between gelatin molecules. A
practical alternative is to employ HPMC
capsules as a means to completely avoid the
formation of insoluble membranes. Matsuura
and his team have demonstrated the value of
this approach by filling both hard gelatin and
HPMC capsules with spiramycin, a macrolide
antibiotic known to cause insolubilization of
gelatin capsules.6 After storage for 10 days
under conditions of 60 °C and 75% relative
humidity, the gelatin capsules did not disin-
tegrate, whereas the HPMC capsules were
unaffected (Table III).

Capsule size Speed (capsules/h) ~ Outcome (capsules)
1 36000 120000 <0.001
1 60000 500000 0.001
1 3600 3000 <0.03
1 80000 40000 <0.003

Addressing potential discolouration problems.
Capsules filled with substances containing
aldehyde groups, such as ascorbic acid, will
become brown by discolouration under high
temperature/humidity conditions. This is
thought to be the result of a reaction
between ascorbic acid and the «-amino
group on the gelatin protein, as depicted in
Figure 5. To minimize discolouration reac-
tions with these types of substances, either
the moisture content of the gelatin capsule
shell must be lowered and/or the capsules
must be stored in moisture-proof containers.

HPMC does not contain reactive groups,
thereby minimizing discolouration problems
that occur as a result of interactions between
the drug and capsule shell. To confirm this,
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Figure 3: Comparison of dissolution of cephalexin in various media from HPMC and.gelatin capsules
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