Pharmaceutical
Technology

EUROPE

September 2004

2 FEN . |

2 lix

-

Volume 16 Number @ September 2004 www.ptemagazine.com

Features Regulars

DRUG DELIVERY
Physicochemical Approaches
to Enhancing Oral
Absorption

Patrick J. Crowley and

Luigi G. Martini

Understanding the physico-
chemical properties of a drug and
the anatomy and physiology of
the Gl tract provides valuable
insight into the possibilities and
constraints for optimizing oral
absorption

DRUG DELIVERY

Smart Skin Patches

Peter Harrop

A smart skin patch is a new
delivery system for drugs and
cosmetics that addresses the
problems of inflated doses and
unwanted side-effects associated
with traditional methods, as well
as providing compliance benefits

QUALITY CONTROL

IsThere Such aThingas a
Best-in-Class Lab?
Benchmarking of QC
Operations

Tsvika Bublitsky and Alex Howard
Changes are afoot in the life
science sector; the pressure is on
to retain full requlatory compliance,
provide faultless customer service
and to reduce costs — particularly
in the areas of R&D and QC

MACHINERY

Intelligent Inspectors

Hitesh Hirani

This article looks at how changing
customer demands have affected
inspection technology, looking at
issues such asWIP, 21 CFRPart 11
compliance and the relentless
push for heightened sensitivity

From the Editor
News

REGULATORY AFFAIRS
Brussels Report

Stepping Back into the River
Albedo

REGULATORY AFFAIRS
Washington Report
Promoting Quality in Drug
Manufacturing

Jill Wechsler

Product Showcase

Product Focus: Drug Delivery
Classified Directory
Appointments

On the Move

Calendar of Events

Next issue October 2004

Solid Dosage

[al Via's

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Pharmaceutical Analysis

How well
your product ‘

depends
on how
well we
perform.

* Method feasibility,
development and validation

Covance has symbolized
scientific ex ce in
contract research for more
than 50 years. Choose

Covance to vide the

pharmaceutical analysis

data you need to meet

For consistently
dependable results,

trust Covance

Manuscrigts: Al subrmigions will be handied with reasonable care. but the publsher ssumes no
mhmdmmwmmmumaum

AKOaracy, bt the for the accuracy of ink supphied herewn or
for any opreon espresied
Ph al T gy Eurape is di free of charge to

quakified readers in Eurcpe.

1 year (12 issues) 2 years (24 issees)
Quatified readers in furope Free ... . Free
Non-qualified readers in Europe 195 o Comrent fsswez. £20
Readers outude Europe £13s., é s Back issue:. £15

For wtnanption enguires, back issue or address changes, please 1end your request in wiiting 1o
Superior Fulfilment: e-mail fulil®superfillcom or fax +44 1244 370 512

Direct Madl Lists: Contact Robert Fulwell. Tel +44 1244 393 456 Fax +44 1244 383 156

Display Advertising: Contact Sam Green. Tel, +44 1244 393 116 Fax +44 1244 183 336
Mianda Docherty. Tel +44 208 827 6745 Fax «44 208 822 6747

CQassified and Recruitment Advertising:

Contact Vareswa Williams. Tel +44 1244 393 215 Fax +44 1244 383 156

Raprints: Reprinty of all artcles in this isue and past sues are available (SO0 minimum)
Contact Simon James. Tel 444 1244 393 130 Fax +48 1744 383 156

Copyright ©2004, Advanitar Communications (UK) Ltd. All rights reserved.

No part of thes publication may be reproduced in any materal form (including
PhOtoCOpyIng Of ST0nNg It in any medium by electronic means and whether of not .4
transiently or incidentaily to some other use of this publication) without the

wtitten permission of the copyright owner except in Jccordance with the
provesion of the Copyright, Designs & Paterts Act (UK 1988 or under the terms of
a licence isued by the Capynght Licensing Agency, 50 Tottenham Court Road,
Landon WIP LR UK

pIITT LI D
[t

K]

Applications for the CopyTight cwner's permission to reproduce any part of this

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Patrick J. Crowley*

is a vice president in the
product line extensions
department of pharmaceutical
development. GlaxeSmithKline,
1250 South Collegeville Road,
Collegeville, Pennsylvania
13426, USA

Patrick_J Crowley®gsk.com
Luigi G. Martini

15 a manager within the strategic
technologies department of
pharmaceutical development,

GlaxoSmithKline, UK

*To whom all correspondence

should be addressed

Physicochemical Approaches to
Enhancing Oral Absorption

This article reviews various physicochemical approaches that may be employed to enhance
absorption following oral administration of solid dosage forms in humans. This article also
examines strategies based on capitalizing or neutralizing physiological processes.

Oral absorption efficiency can be influenced by
several factors, acting independently or in con-
cert. These include the physicochemical properties of
the administered agent, human physiology. pathology
(including disease state). the way the drug is presented
(formulated) and possibly the amount that is admin-
istered (dose). Other influences include time of
administration, whether the patient is resting or
active and body position, for example. recumbent or
standing. Optimizing absorption requires knowledge
of how these variables affect the drug or formula
tion. However. it may take many years before such
comprehensive knowledge can be gleaned on
compouhd-specific behaviours.

In the absence of such detailed insight it may
necessary, particularly with novel therapeutic
agents being dosed to humans for the first time, to
design a formulation based on generic considera-
tions of factors affecting absorption, the physico-
chemical properties of the agent being administered
and in vivo or ex vivo findings in animals or animal
tissue. Such a strategy can help identify the
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Hence. good understanding of the physicochemical
properties of the drug. and of the anatomy and
physiology of the gastrointestinal (GI) tract provides
valuable insight on the possibilities and constraints
for optimizing oral absorption.

Solubility enhancement

Some materials are absorbed by active transport
across the intestinal barrier. but absorption by passive
diffusion is probably far more prevalent.! Regardless
of the mode of transport, however, it is reasonable to
conclude that, in the vast majority of cases the drug
must be in the solvated state to diffuse into and across
the enterocytes lining the intestinal lumen. Thus, solu-
bility and rate of dissolution of the drug are of major
importance and many approaches to absorption
enhancement concern the optimization of these
properties.

Poorly soluble drugs present a major challenge in
dosage form development. In simple terms. a mate
rial must be in solution if it is to pass from the intes
tine to the systemic system. At the same time.
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chemist. Low aqueous solubility
{which is usually associated with high
lipophilicity) and poor bioavailability
are often a consequence of such mol-
ecular design. Improving absorption
in such cases may mean using a form
of the drug with optimum solubility,
or employing a vehicle in which the
compound is soluble. Optimizing
solubility may entail using a more
soluble salt or polvmorph (if one
exists), or even the amorphous form
of a compound. Each approach has
advantages and complications. and
such options may not always be
available, depending on the molecular
composition and physical behaviours
of the material under consideration.

Salt forms. Agharkar found that the
solubility of the free base form of
the antimalarial, a-(2-piperidyl)-B-3,
6-bis(trifluoromethyl)-9-phenan-
threnemethanol was 7 pg/mL.2 The
hydrochloride salt in contrast had
solubility of approximately

30 pg/mL whereas a value of

1800 pg/mL was attained for the
dl-lactate salt. Tetracycline and ery-
thromycin salts also exhibit differing
solubilities (Table ). Bastin er al.
also found that some salts of the
cardiovascular compound
RPR127963 afforded significantly
improved solubilites compared with
the free base (Table 11).3

Enhanced solubility does not
necessarily translate to better in vivo
absorption. There are several reports
of salts with differing solubilities
behaving no differently in bioavail-
ability studies.* Better solubility may
simply be a pH effect that is neutral-
ized in the gastric or intestinal milieu,
with solubility changing to reflect local
environmental pH. Conversely. it is
also feasible that the pH engendered
by a salt in its micro-environment
facilitates dissolution. The salt acts as
its own buffer so to speak. Once in the
solvated state, the dynamics of trans-
port or reprecipitation may be such
that there is a net enhancement of
amount dissolved and absorbed.

The counter ion can be important
for other reasons. Many drug sub-
stances are organic bases, and
hydrochlorides are usually the first
(sometimes only) salts considered

solubility w1 vive because of common
ion effects.®” Consequently. absorp-
tion may not be improved.

The work by Engel eral. is
revealing in this context.® The
hvdrochloride and mesylate salts of
two novel protein kinase inhibitors
were more soluble than other salts,
but when hioavailability in beagle
dogs was evaluated the mesylate
salts of both compounds had better
bioavailabilities than the hydrochlo-
rides (Figure 1).

This may have been because of
better solubility of the mesylate salts
(five times more soluble than
hydrochloride). but a common ion
effect with the hyvdrochloride salts
cannot be ruled out. Interestingly.
these authors established (from a
review of recently approved com-
pounds) that mesylate salts are now
being more widely used. It would be
of interest if such increasing popu-
larity was a result of better in vivo
performance.

The potential for absorption
enhancement by salts could be use-
fully explored in small animal in vive
studies, particularly in cases where
human studies are not possible or
appropriate; for example, at the
compound selection stage in drug
discovery programmes. Animal
studies, while not necessarily
predicting absorption efficiency in
humans may provide useful rank
order ratings on the effects of
different salts.

Crystal forms. Medicinal compounds
may exist in a vanety of crystal forms
that can have differing aqueous
solubilities. Riboflavin has three
polymorphs with solubilities varying
from 0.06-1.2 mg/mL-1."
Bioavailability of various morphic
forms of cimetidine was shown to
correlate with dissolution rates
suggesting that solubility might be
important for oral absorption.'?
Kimura et al. obtained differing
plasma levels in dogs when dosed
with different polymorphs of the
poorly soluble hypoglycaemic agent
tolbutamide (Table I1).!! In vivo
performance reflected in vitro
differences in dissolution rates and
solubilities between the forms.

ORAL ABSORPTION

more soluble forms tend 1o transform
to the low energy state, Such trans-
formation can occur during storage,
processing or even during dissolu-
tion. ' This makes polymorph selee-
tion for solubility enhancement an
uncertain process. The more soluble
form might become less soluble with
time because of reversion to the
more thermodynamically stable
form. with absorption being compro-
mised as a consequence. It is impor-
tant, therefore, that any promising
crystal form is thoroughly assessed to
confirm that:
* [t can be prepared consistently by a
realistic and reliable process.
® The preferred form can be readily
identified by a technique suitable
for routine quality control,
It does not transform to a less

-

useful form on storage, during
processing or after incorporation in
the dosage form.

It does not transform to the less
soluble state after ingestion but
prior to absorption; that is, in the
Gl tract environment.

Modest improvements in solubility
or dissolution rate may be of little
benefit in vive. Poole et al. claimed
that slight differences in solubility
and dissolution rate of the anhydrous

Agueous solubilities of tetracycline and
erythromycin derivatives.

Solubility in
water (mg/mL)

Compound

Tetracycline (base) 1.7
Tetracycline hydrochloride 109
Tetracycline phosphate 159
Erythromycin 21
Erythromycin stearate 03
Erythromycin lactobionate 20

Aqueous solubilities of salts of RPR127963.

Compound/form Solubility in water (mg/mL7)

RPR127963 (base) Below detection limit
Hydrochloride salt 39
Mesylate salt 108
Citrate salt 08
R L

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

ORAL ABSORPTION

and trihydrate forms of the anti-
bacterial ampicillin lead to differ-
ences in oral bioavailability in dogs
and humans.!? However, a later
study using unformulated drug
showed that both forms were bioe-
quivalent, suggesting that the results
from the Poole study might be
ascribable to formulation differ-
ences.!* The work by Aguiar and
Zelmer provides further elucidation
on solubility differences. They
showed, using polymorphs of mefe-
namic acid and chloramphenicol,
that when free energy differences
(reflecting solubility values across a

range of temperatures) were modest,

bicavailability differences would not
be expected. When differences are
large they can affect absorption.!#

Amorphous forms. Amorphous
materials can be more soluble and

have faster dissolution rates than
crystalline forms because of lower
solvation energy. Amorphous novo-
biocin dissolves rapidly and is well
absorbed in humans. The crystalline
form, by contrast, s less soluble, has
slower dissolution rates. and exhibits
poor and erratic bioavailability.!s
Amorphous materials have the
same potential disadvantages as
polymorphs or pseudopolymorphs in
that they may transform to the less
soluble crystalline state. The molec-

ular mobility (and associated tendency

to transform) of an a morphous solid
is a function of the differential
between storage temperature and its
glass transition temperature (T,). It
has been claimed that storage at
temperatures of 50 °C below T, is
required to avoid crystallization.16
Therefore, the T, for most amor-
phous solids should be greater than

Bioavailability of tolbutamide polymorphs in dogs.*

Polymorphic form S

{irg/mLY)

o (D) AUC (pg/h/mL-Y

max

3 576

75-80 "C if they are to remain stable
in the morphic sense at ambient
storage. Excipients with a much
higher T, can sometimes be added 10
stabilize a drug in the amorphous
state, For instance, polyvinylpyrroli-
done (PVP) (T, of 280 °C) inhibits
the crystallization of
indomethacin.'®

Crystallization is the preferred
technique of the organic chemist for
isolation in a pure state, and pro-
vides a consistent physical form.
[solation may be more difficult if an
amorphous form is preferred.
“Upstream” purification, or repre-
cipitation following original isola-
tion in the crystalline state may be
necessary. This will add to cost and
complexity.

Whereas it may be advantageous
from an absorption perspective to
select a particular salt, polymorph or
material in some other physical state,
other selection criteria must not be
ignored. With respect to counter ions
in salts, the potassium ion can be a
Gl irritant unless the dose is low.
Other cations, such as magnesium or
calcium, can influence GI tract
motility and affect absorption where
G tract residence time is important.
However, the dose of counter ions
may be too low in most cases to
evince undesirable effects.

Mean plasma concentrations of LY333531 and LY338522 in male beagle dogs orally administered with
LY333531-HCl and LY333531 mesylate (20 mg LY333531/kg).*
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