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From the Editor

University of Strathclyde, UK.

Another fine conference was had in Hawaii, | am sure that you will agree. The
program organizers: Todd Becker, Terry Bowerstock, David Brayden, Martyn
Davies, Anil Gaonker, David Grainger, Lisbeth Illum and Kazunori Kataoka
should be well and truly congratulated. | particularly enjoyed the lecture given
by Jane Lebowski on stem cells. Lebowski's work may one day make it possible
to treat spinal cord injuries, giving hope to accident victims who might otherwise
be confined to a less than optimum quality of life. How truly wonderful it must
feel to know how profoundly your work may eventually help people. Life really
is that simple.

Hawaii, as a venue lived up to its marvelous reputation. Well there was the
beach, the beach and then the beach again. There is a lot to be said for sand and
a temperature in excess of 25 degrees Celsius (78 degrees Fahrenheit in old
money). Organization was as usual superb and the Polynesian entertainment
gets my vote any day. | wonder if we could export the glamour of Polynesia to
Miami next year. | hope you managed to get to one of the Pearls of Wisdom
Sessions. Nanotechnology, is innovative and not the product of a clever
rebranding exercise or so the audience felt at the “Nanotechnology: innovation or
rebranding?” Pearls of Wisdom debate. Debaters, Sandy Florence and Kinam
Park gave an excellent performance, because perform they did. If you could not
make it to Hawaii, well there are always the pictures on page 4.

It is great to win awards and who doesn't long for one. The Controlled Release
New Investigator Award is designed to spot new talent. Well here at the
Newsletter we like to follow up our awardees and so Joke Bouwstra, a winner of
the award in 1996 is profiled on page 19. Wow! What a career she has had
since then. Working at a depth of a few tens of microns on the largest organ in
the body — the skin, Bouwstra has been associated with a number of penetrating
(excuse the pun) insights. Read all about her work on page 19.

This time of year sees the passing on of the Presidency and so we must say a
fond farewell to Jim Anderson and a huge hello to our new president and the
first woman president of the Society, Jennifer Dressman. Jennifer Dressman’s
inaugural address appears on page 3 together with Jim's farewell address. See
you get two for the price of one. Who says we don't spoil you at the Newsletter.

Change they say is good, as good as a rest almost and it is with huge sadness that
I announce my retirement from all things Newsletter. Time to give more to the
day job, I am afraid. The Newsletter has changed for the better and that was my
goal when | accepted the offer to co-edit. An excellent team remains in the
shape of Bozena Michniak, Steve Giannos and new comer Yvonne Perrie.
Yvonne's appointment will make the Newsletter even better and | am really
happy to be leaving the Newsletter with such a capable team. Yvonne’s profiles
may be found on page 23. We also have a new Managing Editor, Amy Lemmon
who takes over from Jaymie Griffin. Jaymie has since moved on to pastures new.
Well it is ciao from me and see you soon from my colleagues Bo, Steve, Yvonne
and Amy. Have a great read. =

Editors

Bozena Michniak, Yvonne Perrie, and
ljeoma Uchegbu

Industrial Editor
Steven Giannos

Managing Editor

Amy Lemmon

Thanks to members of the Publications
Newsletter Subcommittee for helping
with this issue: Martyn Davies, Jerome
Barra, David Brayden, and Agis
Kydonieus.
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From the jmmediate Past President

Honolulu had it all during the 2004
Annual Meeting & Exposition: sun,
amazing science, visiting with
international friends, outstanding
science, surf, innovative science,
networking opportunities, marvelous
science, sand, wonderful science, a
remarkable program, fantastic science,
generous sponsors, superb science, and
an outstanding exposition. Did |
mention the science?

Mahalo “thank you” to everyone, presenter, participant, planner,
sponsor, and exhibitor who made this year’s Annual Meeting &
Exposition a success. Special thanks to David Grainger, Lisbeth

Dr. James Anderson

Illum, Kazunori Kataoka, Todd Becker, Anil Gaonkar, Terry
Bowersock, David Brayden, and Martyn Davies for putting
together a strong program and our major donors: ALZA, BASF,
Banner Pharmacaps, Capsugel, Eurand, Guidant Corporation,
and NOF Corporation.

As | pass the gavel to CRS’s new President, Jenny Dressman, |
reflect on some of the accomplishments of 2003-2004: our
education initiative and renewing the Elsevier and ARDEL
contracts. A special thanks to the Board of Directors who worked
diligently in a team effort to improve all aspects of the society.
With pride on what we accomplished, | look forward to being a
part of the 2004-2005 initiatives President Dressman and the
CRS community plan for releasing science to deliver a better
future. I hope to see you in Miami, June 18 — 22, 2005. =

From the presigent

Dear Colleagues

As you know, the CRS has a unique niche among scientific societies.
Many associations in the medical field have close ties to and are
highly influenced by professional groups; while others have a
relatively narrow spectrum of interests. The CRS, by contrast, is run
for and by scientists while maintaining a broad, interdisciplinary
cross-section of membership. As such, we are uniquely positioned to
be a leader in some of the most exciting and challenging
developments of our time: to deliver genetic material efficiently and
reproducibly into the cell, to bring the promises of biotechnology to
reality in terms of therapeutics and to apply chronopathological and
chronopharmacological concepts to the treatment of diseases, not
only in humans but also in animals and plants. | am convinced that
CRS members will be at the forefront with the breakthroughs
necessary to achieve these goals.

What is CRS doing to support its members in their scientific
endeavors? Our most important role is undoubtedly to offer our
members a first-class annual scientific meeting. Martyn Davies and
the Programming Committee put together a top-notch and of-the-
moment scientific program for the Hawaii meeting and this year’s
team is well underway with plans for 2005. Please mark your calendar
now for the Annual Meeting in 2005, to be held in Miami, Florida
from the 18" to the 22" of June.

A hallmark of CRS is our local chapter network, which provides
many scientists working in controlled release access to CRS
programming, even though it may be too tight financially for them
to attend the Annual Meeting on a regular basis. In recognition of
the high priority the CRS gives to its local chapters and local chapter
members, | have appointed Ajit Singh (Chairman of Associated
Capsules Group of Companies and a co-founder of the Indian
Local Chapter) to serve as an ad hoc advisor to the Board of
Directors, with the aim of catalyzing networks among the Chapters
and communication of the Chapters with the Board. He will also be
working to facilitate coordination of education activities between the
Education committee and the local chapters.

Dr. Jennifer Dressman

The Education Committee itself, under
the energetic and visionary leadership of
Mike Rathbone, is working on a
number of projects. In Hawaii the Get
up! Get educated! program was launched
and was extremely well received, with up
to 100 early-bird scientists attending
each of the sessions. Another initiative
of the Committee is to establish a virtual
library of resource material, including a

visual aids library which will enable us to
“borrow” slides to enhance our

presentations, whether these are at the technical or the teaching
level.

What must the leadership of CRS do to bring CRS to the next level
of scientific excellence and member services? A key aspect is to
ensure that the Society stays in good financial health. Only then can
we invest in the infrastructure and programs that are important to
assisting members achieve their research goals. Following in the
capable footsteps of Susan Cady, Art Tipton and the Finance
Committee are working hard to streamline costs, while Joe Fix and
the Marketing and Development Committee are taking a pro-active
stance, seeking to expand our sponsorship and exhibition programs.

This year promises to be an active and progressive year for the CRS.

I think it is important to remember that we are building on a solid
foundation passed on to us from previous Presidents and Boards, and
I want to take this opportunity to thank both Jim Anderson and
Sandy Florence, in particular, for their untiring presidential efforts in
paving the way for the future of the CRS.

Wishing you all a productive and successful Fall.

Jennifer Dressman



Highlights of 2004 Ann

Congratulations CRS Awardees

Philipp Seib
accepts the 2003
CRS - 3M Drug
Delivery Systems
Award

Sergio Capancioni accepts the 2003 CRS
- Outstanding Veterinary Paper Award

Toaru Ooya cepts the 203
CRS - Elan-NanoSystems Award

Cory Berkland accepts the 2004 CRS - Dr. Danny H. Lewis accepts the
Genencor Outstanding Consumer & CRS - Nagai Innovation Award
Diversified Product Paper Award

Walter A. Shaw accepts the
1st Place Eurand - Novel
Approaches in Oral Drug
Delivery Award

Leslie Z. Benet accepts the Eurand Career
Acheivement in Oral Drug Delivery Award

Antony
D’Emanuele
accepts the 2nd
Place Eurand -
Novel Approaches
in Oral Drug
Delivery Award

In-Hyun Lee accepts
the 3rd PlaceEurand
- Novel Approaches
in Oral Drug
Delivery Award




ual Meeting

Jack L. Koenig accepts
the 2003 Jorge Heller
Journal of Controlled
Release Outstanding
Paper Award

- - J l
Jean-Christopher Leroux accepts the 2004
CRS - Young Investigator Award

Manish Kumar Chourasia accepts the
2004 CRS - Capsugel Graduate/
Postdoc Award

Y
Grand Prize Winner Kathryn Whitehead
accepts the 2004 CRS-Capsugel
Graduate/Postdoc Award

Michelle Dawson accepts the 2004

Sarah Lynn Tao accepts the
2004 CRS - Capsugel
Graduate/Postdoc Award

Professor Kinam Park accepts the 2004 Ronald J. Versic accepts the 2004 Harlan Hall accepts the 2004
CRS - ALZA Founders’ Award CRS - Distinguished Service Award CRS - Distinguished Service Award

CRS - Capsugel Graduate/Posrdoc Award



A Sincere Thank You to the
Following Individuals

Jennifer Dressman accepts the
president’s gavel from James
Anderson.

James Anderson congratulates
David Grainger on a great
2004 megeting.

James Anderson congratulates
Lisbeth Illum on a great 2004
meeting.

James Anderson congratulates
Kazunori Kataoka on a great
2004 megting.

James Anderson congratulates
Todd Becker on a great 2004
. meeting.

James Anderson congratulates
Anil Gaonkar on a great 2004
meeting. §

James Anderson congratulates
Terry Bowersock on a great
2004 meeting.

James Anderson congratulates
David Brayden on a great
2004 meeting. B

Welcome 2004-2005
Volunteer Leaders

Board of Directors
President — Jennifer B. Dressman,
JW Goethe University, Frankfurt, Germany
President-Elect — Vladimir Torchillin,
Northeastern University, Boston, MA, USA
Vice President — Randall J. Mrsny,
University of Wales, Cardiff, UK
Scientific Secretary — Martyn C. Davies,
University of Nottingham, Nottingham, UK
Treasurer — Arthur J. Tipton,
Southern Research Institute, Birmingham, AL, USA
Member-at-Large — Jeffrey Cleland,
Novacea, Inc. South San Francisco, CA, USA
Member-at-Large — Clive G. Wilson,
University of Strathclyde, Glasgow, Scotland
Marketing & Development Chair — Joseph Fix,
Cydex, Inc., Lenexa, KS, USA
Education Secretary — Michael J. Rathbone,
InterAg, Hamilton, New Zealand
Local Chapter Liaison Chair — Ajit Singh,
Associated Capsules Group of Companies, Bombay, India

Board of Scientific Advisors

Todd Becker, Genencor International, Palo Alto, CA, USA

Gerrit Borchard. Leiden University LACDR, Leiden, The
Netherlands

Terry Bowersock, Pfizer, Kalamazoo, MI, USA

Jack J Burger, Quest International, Naarden, The Netherlands

Duncan Q M Craig, Queens University Belfast, Belfast, UK

Karsten Cremer, Pharma Concepts GmbH, Basel, Germany

Paul Gellert, AstraZeneca, Alderley Park, Macclesfield, UK

David W Grainger, Colorado State University, Fort Collins,
CO, UsSA

Alexander V Kabanov, University of Nebraska Medical
Center, Omaha, NE, USA

Ralph Niven, Discovery Laboratories, Redwood City, CA,
USA

Steven P Schwendeman, University of Michigan, Ann Arbor,
MlI, USA

Elka Touitou, Hebrew University of Jerusalem,
Jerusalem, Israel

Mark Tracy, Alkermes, Inc., Cambridge, MA, USA

ljeoma F Uchegbu, University of Strathclyde, Glasgow,
Scotland, UK

Arto Urtti, University of Kuopio, Kuopio, Finland

The Controlled Release Society sincerely thanks the
following retiring volunteer leadership:

2003-2004 Retiring Board of Directors
James M. Anderson, President
Susan Cady, Treasurer

2003-2004 Retiring Board of Scientific Advisors
Avi/Abraham Domb

Philippe Dor

Denis Require

Patrizia Santi

Kozo Takayama

Janet Tamada

Nobuhiko Yui



The Controlled Release Society gratefully acknowledges the

2004 Annual Meeting and Exposition Sponsors!
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Pre-Clinical Services

We are proud to introduce an expanded portfolio of ®
services for the pharmaceutical industry, including

comprehensive dermatopharmacokinetics testing and PRACS
formulation assessments for topicals and transdermal Institute, Lt d

delivery systems, to help accelerate product development
and keep even the most challenging plans on track.

(701) 239-4750

WWW.pracs.com

Clinical Services

We strive to provide nothing but excellence in contract
research services, featuring state-of-the-art clinical
facilities and highly compliant study participants. \We also
work closely with a network of experienced, board-
certified medical investigators for reliahle out-patient
enrollment in a variety of therapeutic areas and offer
experienced project teams to manage multi-site
clinical dermatology trials.

Bioanalytical Services

Offering the expertise to meet your analytical needs
when accuraecy and fast turn-around are the key.
Trust us to deliver... on time, every time.

B Established Resource for Phase | — IV Services
B Industry-Leading Expertise in Pre-Clinical & Clinical Dermatology Testing
B In-House Statistical Capabilities

Our achievements speak for themselves...

over 2000 studies successfully completed for our clients over the past 21 years.

Put our experience to work for you.




Scientifically Speaking

Physico-chemical control of sub-10um Particles via a novel crystal engineering approach

The requirement for controlling particle formation (crystal
engineering) of active ingredients for the majority of medicines
and drug delivery systems are mainly related to chemical issues,
such as purity (impurities, solvent levels) and solid-state control
of the crystal form and crystal habit. However, in a number of
applications the physical and chemical properties of the
particulates are critical in the overall stability, therapeutic and
clinical performance of a pharmaceutical solid dosage form.

For example, in enhancing the solubility of active pharmaceutical
ingredients for oral dosage preparations, particles less than 10um
are generally required to significantly increase the surface area-to-
volume ratio. However, these particles generally exhibit poor flow
properties and require significant formulation development for
optimisation of powder handling and processing. In respiratory
drug delivery, the particle size distribution of therapeutic aerosols
is associated with the deposition pattern within the respiratory
tract. The optimum particle size for respiratory delivery is 1-5um.
In addition to affecting flowability, the deaggregation and
dispersion properties of therapeutic aerosols are critically related
to the physico-chemical properties of the particles. This remains
the key parameter in defining the efficiency and clinical
performance of therapeutic aerosols.

The pharmaceutical issues pertaining to particles less than 10um
in diameter are associated with the hierarchy of physical forces
influencing particulate interactions. These physical forces are not
invariant with the size of the object on which they act. For
particles greater than 10-100 pum in diameter, to objects as large
as planets and galactic clusters, their interactive behavior is
dominated by the force of gravity. However, below a critical size
(~10-20um) a particle would experience a range of physical forces
that outrank the influence of gravity by several orders of
magnitude. Hypothetically, such particles could be considered as
effectively weightless in comparison to other forces they
experience. For such a system, an external force would be required
to deaggregate particles or to remove a particle from a surface.

The physical forces dominating such interactions are a composite
of the ubiquitous van der Waals forces and dynamic capillary and
electrostatic forces. Their specific influences are predominated by
the surface properties of the interacting particles and not their
bulk properties. The extent of particulate interactions is
fundamentally governed by surface thermodynamic properties
(surface free energies) and work of adhesion of interacting
surfaces. Their influence can however be significantly modified
by optimising the physical properties of particulates, including
particle morphology and surface topography. Such modifications
need to be directly related to minimising the available contact
area between interacting surfaces. The smaller the contact area of
interaction, the larger the separation distance between contiguous
surfaces. This results in a significant decrease in particle
adhesion. A macroscopic spherical morphology would, therefore,
provide the optimum reduction due to its low surface-to-mass
ratio. In addition to the macroscopic characteristics, the
mesoscopic surface texture of the particles may significantly aid
in reducing the available contact area and hence particle
adhesion.

Robert Price and Sebastian Kaerger
University of Bath, UK

The optimum physical characteristics of sub-10um particles are
shown in the scanning electron microscopy (SEM) image of the
spores of a vascellum pratense fungus (Membranous puffball),
Figure 1. While the spherical like nature of the respirable sized
spores minimises the radius of contact between spores, the
presence of nanometre (250-300nm) protrusions on the surface
acts to further reduce the available contact area. To replicate this
nanotechnology approach of nature to pharmaceutical particle
engineering may be some time away!

Figure 1: Scanning electron
micrograph of the spores of a
vascellum pratense fungus
(Membranous puffball).

Over the past 10 years, both academia and industry have focused
significant resources on crystal engineering technigues to
improve the processing and handling of sub-10um particles.
However, there still remains the need to develop technologies
which specifically address these physico-chemical requirements
for controlling particulate interactions. This remains the critical
limitation for the future development of these solid-state drug
delivery systems. Meanwhile, the industry remains limited to the
conventional secondary processing of crystalline material in fine
tuning the particle size characteristics without any significant
control of the surface characteristics and surface geometry of
active ingredients.

Here, we report the use of a novel crystal engineering technology
for generating sub-10um crystalline particles in a single droplet
to particle operation. The SACS (solution atomisation and
crystallisation by sonication) process combines the use of an
ultrasonic energy source with a novel collection system of highly
supersaturated droplets for controlled particle formation and
crystal engineering of low surface free energy drug particles [1].
The comparatively straightforward process, which is readily
scaleable as a low cost batch or continuous process, is operated
under atmospheric pressure and ambient conditions, with known
solvents and no novel excipients. The process results in the
formation of particles within a narrow particle size distribution
with modulated control of particle morphology and topography
with a low residual solvent content.

Scanning electron micrograph (SEM) images of paracetemol and
sulfathiazole drug particles produced by the SACS process show
the transformation of planar crystals formed via conventional
solvent based crystallisation (SEM images not shown) to the
curved surfaces of spherical crystalline particles (Figure 2).

Scientifically Speaking continued on page 23
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Special Feature

BIOTHERAPEUTICS - FROM DRUG DISCOVERY TO DRUG DELIVERY

Controlled release drug delivery — the route and dosage form in
which drugs are administered - is undergoing an evolution in
innovation as companies seek to capture the future promise of bio-
therapeutics and differentiate themselves in a competitive
environment. As the list of biological drugs gaining regulatory
approval grows, different technological approaches are being taken
to deliver these drugs. Additionally, the demand for drug delivery
technologies to protect products from generic competition is
expected to expand the drug delivery market to nearly $89 billion by
2005 [1].

Non-invasive formulations delivered via the oral, pulmonary, nasal
and transdermal routes will have higher sales than injected and
implanted products since these fulfill unmet needs of less invasive
and less painful treatment options, leading to higher patient
convenience [1]. Businesses are also changing strategies to meet the
challenges. These strategies can be broadly divided into three
segments based on their technological approach: (1) exploitation of
new or existing routes for drug administration, (2) the development
of novel devices and (3) reformulation of a marketed drug
compound [2].

Exploitation of new or existing routes for drug administration
The $30 billion biotechnology industry is already making a

substantial contribution to pharmaceutical companies’ top line
growth, with over 100 FDA approved drugs and vaccines to its

Steven A. Giannos
CRS Newsletter Industrial Editor, U.S.A.

credit. Biological drug approval by the Food and Drug
Administration (FDA) has been steadily rising since 1981, when the
FDA first approved recombinant human insulin [3]. Over 30
biotechnology drugs and vaccines were approved in 2000 [4]. The
number has now reached ‘critical mass’, presenting a growing
opportunity for drug delivery firms to provide technical solutions to
the challenges of macromolecular delivery. These challenges arise
from a fundamental of physiology: after drugs enter the body they
undergo the pharmacokinetic processes of absorption, distribution,
metabolism and excretion (ADME).

Injection still remains the most effective way of administering
therapeutics such as hormones, growth factors, monoclonal
antibodies and vaccines. Delivering these drugs via more ‘patient-
friendly’ routes than injection, while maintaining drug efficacy, is
fast becoming the main concern of drug delivery. Among non-
invasive delivery methods, one of the most promising approaches is
pulmonary delivery. However, work is also being undertaken to
deliver proteins by oral, transdermal, nasal and other mucosal routes
[3-6].

As witnessed at the 31t Annual conference of the Controlled release
Society, the development of established platforms continues, as well
as new technologies emerging. Recent news bulletins have also
publicized innovations in nasal, mucosal, transdermal (microneedles,
microchips and spray emulsions), parenteral (injection), pulmonary

“Solid Solutions
for Insoluble Substances”

SOLIQS
MeLTrRex
Xe\BX

NANOMORPH

is a leader in pharmaceutical melt-extrusion with
marketed products and a proven track record in
enhancing the bioavailability of poorly-soluble
compounds using its platform technologies:

melt-extrusion technology

polymeric film technology

amorphous nanoparticle technology

SDLISCREGN qualitative and gquantitative screening systems

For furthar information visit www: sofige.com or contact jon. lewis@asbbotl. com
SOLIOS Business Unit, ABEOTT GmbH & Co. KG, PO Box 2108 05,
67008 Ludwigshalen, Germany (tel: 449 -621 589 2427, fax: +49-621 582 3092)
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(inhalation) and oral drug delivery of therapeutic biologicals
many of which are finding their way to the marketplace.

Development of novel devices

In the area of transdermals, several novel technologies are under
development. Texmac Inc. (Charlotte, NC) has partnered with
Nano Device and System Research Inc. (“Nanodes”, Kyoto,
Japan), in order to develop microneedles for clinical applications.
Shown in Figure 1, these microneedles deposit functional
substances, such as cosmetic powder or pharmaceutical drugs into
human skin (epidermis or dermis layer). The microneedles are
formed with materials of high water solubility. The microneedles
can be made in a variety of sizes, based on the customer’s
preference and applications. Nanodes is the developer of the
microneedle technology and Texmac is responsible for marketing
and licensing the development and manufacturing to
pharmaceutical and cosmetic companies in North American and
European nations.

Figure 1. Close-up of
Nanode’s water soluble
Micropile (microneedle)
technology for drug
delivery and cosmeceutical
applications.

IGI, Inc. (Buena, NJ) along with Tarpan Therapeutics, Inc.
(Buena, NJ) is developing parathyroid hormone fragment 1-34
(PTH (1-34)), which regulates cell differentiation and
proliferation, for the treatment of skin disorders using 1GI’s
Novasome delivery technology. Acrux (West Melbourne,
Australia) is developing their Patchless Patch® delivery method as a
liquid spray or aerosol formulation for forming a non-occlusive
reservoir of drug and enhancer within the skin. The Acrux,
Transdermal delivery systems, using their ACROSS® penetration
enhancers provide an elegant alternative to traditional reservoir
and matrix transdermal systems.

Novavax (Columbia, MD) is using novel delivery systems
technologies to develop product candidates for the delivery of
generic and non-generic drugs, peptides, proteins and
oligonucleotides. Their product candidates are based on several
patented platform technologies. Their micellar nanoparticles
(MNPs) are non-phospholipid structures that can deliver a wide
variety of ethanol based drugs and other therapeutic agents
transdermally, without common side effects such as skin
irritation. This technology is being used for Novavax’s leading
and soon to be marketed product ESTRASORB™ (estradiol
topical emulsion) and the product candidate ANDROSORB™.
Sterisomes™ is a depot delivery system comprised of 80% water,
15% drug and 5% lipid, capable of delivering a multitude of
drugs. This technology is being used for Novavax’s ANDRO-
Ject™.

Nasal

Over the past few years, nasal drug delivery has gained renewed
interest as an advantageous route for delivery. West
Pharmaceutical Services (Lionville, PA) is developing the
ChiSys™ technology as company’s first branded drug delivery
system. Based on a naturally occurring polysaccharide, chitosan,
it is being evaluated as a non-irritant bioadhesive excipient for
use in transmucosal delivery. ChiSys™ has been shown to increase
the residence time of drugs when applied on mucosal surfaces,
such as the nasal lining, thereby improving the bioavailability of
drugs. The ChiSys™ technology has been licensed to several
different companies for morphine, leuprolide, insulin, calcitonin
and influenza vaccine.

Nastech Pharmaceutical Co., Inc., (Bothell, WA) is working on a
phase I clinical trial to evaluate intranasal administration of human
parathyroid hormone 1-34 (PTHZ1-34) in healthy subjects. PTH1-
34 is a fragment of the naturally occurring human parathyroid
hormone that is an important regulator of calcium and phosphorus
metabolism Also, Nastech is investigating PY'Y3-36 (for peptide YY
3-36) for use in a nasal spray designed to deliver the natural,
appetite-regulating hormone PY'Y directly to the bloodstream.

Oral/Aerosol
Among urgently needed applications of controlled release drug
delivery systems are the delivery of biopharmaceuticals targeted
specifically to the site of a tumor. Additionally, convenient oral/
aerosol vaccine delivery systems are needed that can be easily
distributed to a variety of populations in remote locales. Chrysalis
Technologies (Richmond, VA) is developing the Aria™ technology -
a soft mist aerosol platform for pulmonary drug delivery (Figure 2).
West's ATOMist
Delivery System is a
proprietary hand-held

device that uses (Fllhgrugglzié
electrostatic Techynolo ios’
atomization to iy 9
administer a highly Aria™
efficient dose with a (Functional
soft spray. A microdose prototype)

portable inhaler
for pulmonary
drug delivery.

of fluid can be
delivered with a simple
push of a button
making the ATOMIist
device exceptional for
adult, pediatric and
geriatric applications.

Acusphere (Watertown, MA) is focused on creating porous particles
that are smaller than red blood cells. These microparticles can be
used to deliver gases or these microparticles and nanoparticles can be
used to deliver drugs to patients through various routes of delivery.
The PROMAXX microsphere, produced by Epic Therapeutics
Norwood, MA), is a protein-matrix drug delivery system that
produces bioerodible protein microspheres in a totally water-based
process. Multiple formulation options allow cost-efficient
customization for specific applications. Cydex’s (Lenexa, KS)
Captisol (SBE beta-Cyclo-Dextrin) now for oral and pulmonary
applications can also improve oral bioavailability by improving the
solubility and dissolution, permeation and stability of drug
compounds in oral solutions and solids.

Alkermes (Cambridge, MA) has developed two uniquely
complementary platforms for drug delivery: ProLease and Medisorb
injectable sustained-release technologies for both small and
macromolecules. With release profiles lasting from days to months,
each is designed to eliminate the need for frequent dosing. Another
Alkermes product, AIR® Technology, is a proprietary drug delivery
technology composed of dry powders ideally suited for delivery to the
lungs. These microparticles are produced using many common
excipients (sugars, amino acids, lipids) and have a geometric size in
the range of 5 - 30 um, with an aerodynamic size of 1-5 um. The
unique characteristics of these particles allow them to be used for
both systemic and local delivery of small molecule, peptide, protein
and other macromolecular drugs.

What's next?
The current research and development of novel biopharmaceuticals is

leading to the development of non-viral gene delivery vehicles. Vical
(San Diego, Ca), whose patented non-viral DNA delivery technology

Biotherapeutics continued on page 32
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Pharm News

Vets Bite Back in Pearls Debate on Drug Delivery!

Dr. David Brayden (Veterinary Faculty, University College Dublin,
Ireland) and Dr. Michael Rathbone (InterAg, New Zealand)
debated the pros and cons of the topic “Veterinary drug delivery is just
human drug delivery on four legs,” respectively at a Pearls session at
the CRS 2004 in Hawaii. This lively and entertaining exchange was
chaired by Professor Rod Walker (University of Grahamstown,
South Africa) in front of an appreciative audience of about 80
attendees. Brayden and Rathbone had discussed the debate in
advance and their presentations reflected their efforts to coherently
address the opposing arguments. This resulted in their talks
containing mischievous cartoons of their opponent wearing the
torsos of various types of animals!

In advancing the “pro” argument, Brayden approached the topic
from several standpoints. Firstly, he conceded that there are known
differences in pharmacokinetics and physiology between animals
and man and that he wanted to move beyond that. Then, he also
accepted that some devices needed to be tailored for veterinary-
specific needs such as intra-mammmary injections, flea-collars and
intra-vaginal delivery. At this point the audience thought that he
was providing the “Con” argument! However, he then turned his
argument around claiming that many human delivery systems are
being adapted for, or are similar to, those being used in veterinary
drug delivery and visa-versa. Examples included intradermal
vaccination of cattle, skin patches of opiates for dogs and inhaled &
adrenergic agonists in cats. A prime example of the similarity of the
two types of human and animal delivery was the common type of
design features of many current human gastroretentive devices and
cattle intra-ruminal devices. The irony was that there was little
contact between these groups of researchers and they appeared to
have proceeded independently even though many of the principles
were the similar. The same could be said of the many different
types of intra-vaginal oestrogen-releasing systems used in humans
and animals. In pointing out these similarities in what were
admittedly selected examples, Brayden emphasised that he was not
getting into which group was more innovative as it was not relevant
to the debate. The more important point was that the examples
showed that many similar-type devices worked equally well when
adapted across a range of species. Brayden then argued that there is a
lot of commonality between species in respect of the first principles
of drug transport across biological membranes and also some basic
mechanisms of metabolism. Subsequently, a case can be made that
controlled release drug delivery researchers should be able to move
relatively easily between veterinary and human and visa-versa.
Finally, in support of the overall thesis, some stark facts were
presented to the effect that much company-based veterinary drug
delivery research is leveraged from human systems, that the majority
of immediate- and controlled release drugs in the veterinary
formulary are human-derived, and that the majority of
recommended veterinary undergraduate pharmacology textbooks
are entitled “human pharmacology.” In summary, the “pro” argument
was that, while there are notable exceptions, the majority of
veterinary drug delivery systems were based on common inter-
species transport models either derived from or developed in parallel
with human systems.

In contrast, Rathbone took the stance that the title of the debate
was a feeble attempt to demean the successes and achievements of
his veterinary colleagues and launched into a trenchant defence of
the independence and originality of veterinary drug delivery. With
mock outrage, he refuted the suggestion that it was simplistic to
suggest that two legs multiplied by two gave formulations fit for his

four-legged friends. Early in the rebuff he offered an olive branch
by showing a table of seven examples of human-to-animal switches
for companion animals but used these examples to point out that
these were limited examples appropriate for that (albeit very large)
market. Rathbone expanded his argument by pointing out that the
situation for production animals was quite different, since these
systems had to be low cost, convenient and administered by an
appropriate delivery route. Rathbone then argued that since animals
have unique physiological and pharmacological differences to man,
they required species-specific formulation and device-led research.
The evidence for this was provided in the series of inventive ways
that are required to dose controlled release drugs by the rectal route
to elephants or oral route to giraffes! While Brayden had argued
on the basis of common physiology (using selected examples of non-
ruminants), Rathbone used the ruminant stomach as a way to
illustrate the differences to man. He then argued that while skin
patches had been used successfully in limited cases to deliver
fentanyl to dogs and horses, in practice what the clients wanted for
their animals were the cheaper and more practical pour-ons, spot-
ons and flea collar-type systems. These systems were unique to the
veterinary area. He then suggested, tongue-in-cheek, that his
opponent did not really believe the “pro” argument at all by citing
quotes from some of Brayden’s publications in which he had
emphasised that differences in veterinary pharmacokinetics and
physiology meant that species individualization was required in
formulation development. Overall, Rathbone presented the
argument that veterinary drug delivery scientists had to be very
creative and innovative to overcome species-specific considerations
and boosted his argument by citing several examples from veterinary
reproductive and anti-parasitic medicine where unique technologies
had been specifically developed for animal use. The “con” argument
therefore was that veterinary drug delivery was a creative field of
research in its own right, with its own special challenges and
solutions related to cost, device and veterinary needs and that it was
not derived or directly leveraged from human drug delivery.

Overall, it was clear that both presenters cited a range of
appropriate well-researched examples to suit their argument. Most
participants acknowledged the areas of overlap and strongly
advocated for more joint programming sessions at future CRS
meetings.

The largely partisan veterinary audience ultimately voted against the
motion, which meant that Mike Rathbone had to buy the beers!

Prepare you abstract now!

32nd Annual Meeting Abstract Submission is
November 1, 2004 - January 31, 2005

\
. Watch for details coming soon!




on Intelligensys

Every day, an army of researchers add to the mountain of data
being generated for drug formulation. But data itself has little
inherent value; the mountain must be ‘mined’ for the nuggets of
knowledge that will drive development forward. Faced with
pressure to develop new products quickly and burgeoning amounts
of data, achieving this by traditional means becomes increasingly
difficult for the formulator. Fortunately, new computational
approaches can leverage their efforts by automatically generating
knowledge directly from data. When coupled with visualization
and statistical validation, and robust optimization methods, these
approaches provide powerful tools especially when integrated
behind an easy to use computer interface.

Intelligensys has a mission of producing desk-top decision support
software that enables its clients to formulate new products more
quickly, and to more stringent quality standards, than ever before.
Intelligensys software accelerates the client’s ability to extract
knowledge from their existing data, using artificial intelligence
technologies, as models and as “if... then” rule statements.

Especially with new formulation types, where historical knowledge
is not available, any technique that gives an edge in getting a new
formulation to market more quickly has big advantages in
establishing market position, and the Intelligensys software can.
Provided the data are in electronic form (database or spreadsheet)
they can be imported directly into the software, where models are
developed to represent the cause-and-effect relationships linking
inputs (ingredients and processing conditions) and measured
properties. Model development is quick - typically a few minutes.
Using the models, either for ‘what if’ predictions (changing
ingredients or processing conditions and seeing how these affect
properties) or for optimization is even quicker. Indeed, response is
so quick that one of the company'’s clients has likened the software
to “a knowledgeable colleague, whom you can bounce ideas off”.

The modeling capability of Intelligensys’s software is built upon
neural computing. Originally designed in an attempt to mimic
mammalian nervous systems, these methods are capable of
‘learning’ complex relationships within data and of representing
these as usable models. Unlike statistics, neural computing
methods do not require the formulator to make any assumptions
about the model at the outset. Instead, they develop as complex a
model as is needed to fit the data, and a process of ‘validation’ is
used to ensure that the model fits only the underlying
relationships and not the noise. In addition, neural networks can
work successfully with large numbers of input variables, so it is not
necessary to risk oversimplifying a problem in order to model it.
As the reviews in the references show, a considerable number of
papers in the published literature demonstrate that neural
networks generally develop models that are at least as good as
those obtained from statistical approaches.

More recent is the application of neurofuzzy computing, a novel
technology that allows rules to be derived directly from data and
that underpins the company’s FormRules software. As the name
suggests, neurofuzzy logic combines the adaptive learning
capabilities of neural networks with fuzzy logic’s ability to express
complex concepts intuitively. Consequently, in addition to
deriving simple models that highlight which variables are
important in determining each property, neurofuzzy logic allows
the models to be expressed as rules in the form IF (ingredientl)
AND (ingredient2) THEN (property), with associated confidence
levels. This immediately gives the researcher knowledge that can
be used to focus future experiments in the right direction.
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Neural computing does not provide the whole picture though. In its
product INForm, Intelligensys integrates neural networks for
modeling with genetic algorithms for optimization. Genetic
algorithms, a method that uses a ‘survival of the fittest’ approach, can
find the best solution in a multi-dimensional space far more
effectively than can more traditional optimization approaches. The
fitness’ is assessed by how well the solution meets the objectives
specified by the formulator and objectives are defined in INForm
using fuzzy logic. So, the formulator can specify the properties that
he wants (a specific release profile, for example) and the optimization
will find the formulation that (within the specified ingredients and
processing conditions) is most likely to provide them.

Intelligensys was founded in 1999 by industrialists with experience in
pharmaceutical and chemical modeling, following discussions with
Professor Ray Rowe, a pioneer in the application of artificial
intelligence in pharmaceutical formulation. In parallel, Professor
Rowe set up the PROFITS Group at the University of Bradford, UK.
This special interest group consists of several pharmaceutical
companies who provide funding for research into application of the
techniques in exchange for 