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Formulation Strategies to Protect
Multi-Billion Dollar Blockbusters

Contributor Cindy H. Dubin talks with industry
experts who believe it will take more than strategic
partnerships for Big Pharma to compete with the
generic market. Better life cycle management,
- : earlier planning of drug delivery, and even
i — = LicE i ] i morphing existing drugs are formulation strategies
w i that need to be considered.

The Properties of Chitosan as a
Retardant Binder in Matrix Tablets

S P » for Sustained Drug Release

pm—— 'ﬁ' -‘.":'.| Dave A. Miller, Mamoru Fukuda, MPharm; and James
8, R ; - W. McGinity, PhD, discuss how the biodegradability,

" biocompatibility, and unique physiochemical
properties of chitosan make it an ideal material for
biomedical and drug delivery applications — one of
the most promising is its use as a basis for
sustained-release dosage forms.

BLOCKBUSTER o
Novel Particle Engfneermg
PROTECTION O

and Jolly R. Parikh, PhD; examine potential solution-

Formulators might want to consider polymorphs based particle formation technologies for drugs that

— a different crystal form of a chemical structure. cannot be processed by conventional micronization
techniques.

A new polymorph can be patented and may be
Improvement & Optimization of
HFA Valve Technology

more stable pharmaceutical. Such an approach Guillaume Brouet, MS, and Christophe Jacuk, MS,

indicate development of metering valves that meet
all necessary functional and regulatory

combined with salt form selection to produce a

could allow for the development of a dosage

form with improved solubility, reduced dosing requirements requires careful selection and
evaluation of valve concepts and materials of
frequency and/or amount, and hence better construction, which has led to the use of new

design tools and the development of new

compliance and/or reduced side-effect . .
generations of materials.
profile to benefit the patient.”

Process Optimization for Making
Stable Emulsions Using Accelerated
Dispersion Analysis by Multi-Sample

Analytical Centrifugation

St. Kichler, Christina Schneider, D. Lerche, and T.

Sobisch demonstrate the effectiveness of analytical

centrifugation as a technique for fast emulsion
p.3 0 stability measurements in addition to

homogenization parameter optimization.
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Cell Therapeutics Announces Worldwide License & Co-Development
Agreement With Novartis, Deal Worth up to $285 Million

ell Therapeutics, Inc. recently announced an exclusive worldwide

licensing agreement with Novartis for the development and
commercialization of XYOTAX (poliglumex paclitaxel), an investigational
agent in Phase III for the treatment of non-small cell lung cancer (NSCLC)
and other cancers.

Total product registration and sales milestones for XYOTAX under the
agreement could reach as much as $270 million. Novartis has also agreed to
make a $15 million equity investment in CTI. CTI will have the option of co-
detailing XYOTAX in the US under the direction of Novartis, under an
agreement to be entered into if CTI exercises the option. The closing of the
transaction is subject to antitrust regulatory clearance and certain other
closing conditions.

XYOTAX is currently in Phase III clinical trials to test whether single
agent XYOTAX provides improved overall survival compared to paclitaxel in
women with NSCLC and poor-performance status.

The agreement also provides Novartis with an option to develop and
commercialize pixantrone based on agreed terms. Pixantrone is an
investigational agent designed to potentially increase anti-tumor activity and
decrease the potential for cardiac toxicity associated with the currently
marketed anthracyclines. If Novartis exercises its option on pixantrone under
certain conditions, Novartis would pay CTI a $7.5 million fee and up to $104
million in registration and sales-related milestones.

“This agreement brings the strength of one of the most innovative leaders
in oncology to the development and commercialization of XYOTAX, an agent
that could be demonstrated in ongoing trials to prolong survival in women
with lung cancer and potentially become the first gender-specific therapy for
this disease,” said James A. Bianco, MD, President and CEO of CTI. “It also
provides pixantrone with potential access to a market leader in blood-related
cancer therapeutics to fully maximize its commercial potential.”

Mr. Bianco added “This collaboration takes CTI one step closer to
rebuilding its commercial presence in the US and its goal of becoming a
profitable cancer-focused company. It also allows us to continue our growth
through an acquisition strategy looking for other novel targeted agents to add

to our development pipeline and into our future commercial infrastructure.”

CTI had also announced this past June that they have agreed on pathways
for regulatory approvals for XYOTAX in recent meetings with the US FDA
and the European Medicine Agency's Scientific Advice Working Party
(SAWP). Lung cancer continues to be a major killer of men and women on
both continents. In the US, lung cancer is now the number one cancer killer
of women.

XYOTAX is a biologically enhanced chemotherapeutic that links
paclitaxel, the active ingredient in Taxol, to a biodegradable polyglutamate
polymer, which results in a new chemical entity. When bound to the polymer,
the chemotherapy is rendered inactive, potentially sparing normal tissue's
exposure to high levels of unbound, active chemotherapy and its associated
toxicities. Blood vessels in tumor tissue, unlike blood vessels in normal
tissue, are porous to molecules like polyglutamate. Based on preclinical
studies, it appears that XYOTAX is preferentially distributed to tumors due to
their leaky blood vessels and trapped in the tumor bed allowing significantly
more of the dose of chemotherapy to localize in the tumor than with standard
paclitaxel. Once inside the tumor cell, enzymes metabolize the protein
polymer, releasing the paclitaxel chemotherapy. Preclinical and clinical
studies support that XYOTAX metabolism by lung cancer cells may be
influenced by estrogen, which could lead to enhanced release of paclitaxel
and efficacy in women with lung cancer compared to standard therapies.

Pixantrone is an investigational agent under development for the potential
treatment of various hematological malignancies, solid tumors, and
immunological disorders. It was developed to improve the activity and safety
of the anthracycline family of anti-cancer agents. Anthracyclines have been
shown to be very active clinically in a number of tumor types. However, they
are usually associated with cumulative heart damage that prevents them from
being used in a large proportion of patients. Pixantrone has been designed to
reduce the potential for these severe cardiotoxicities, as well as to potentially
increase activity and simplified administration compared to the currently
marketed anthracyclines.

Nastech Initiates Clinical Development of Rapid-Acting Insulin Nasal

Spray for Diabetes

astech Pharmaceutical Company Inc. recently announced the initiation of
Na Phase I pharmacokinetic study designed to evaluate the safety,
bioavailability, and glucose response of Nastech's proprietary, rapid-acting
intranasal insulin formulation. The study will compare Nastech's intranasal
formulation to an approved injectable product and to a recently approved new
dosage form, Exubera (insulin human [rDNA origin]) Inhalation Powder.
Nastech's insulin nasal spray could provide patients with a convenient,
needle-free alternative, while avoiding possible pulmonary side effects or
long-term toxicity associated with the inhalation of insulin.

This study is the first of several studies to select the formulation and
determine the optimal insulin nasal spray dose that will be used to conduct
subsequent safety and efficacy studies. This is designed as a dose-ranging
study in which subjects will receive a single subcutaneous injection of
insulin, a single administration of Exubera, and several different Nastech
insulin nasal spray doses on separate days. Pharmacokinetic and
pharmacodynamic parameters will be evaluated as well as tolerability of the
insulin nasal spray doses.

“Nastech's initiation of human clinical testing marks a major milestone in
our insulin nasal spray development program,” saidd Steven C. Quay, MD,
PhD, Chairman, President, and CEO of Nastech. “This product candidate
utilizes Nastech's proprietary drug delivery technologies, which have
demonstrated the ability to safely and effectively deliver large molecules
through a non-invasive, intranasal route of administration. Nastech's insulin
nasal spray could offer a patient- and physician-preferred form of
administration that avoids an injection and the potential safety concerns of
pulmonary delivery. The convenience and privacy afforded by a device the size
of a pack of gum also should promote patient compliance, which could in turn
translate into better diabetes control and outcomes. We look forward to rapidly
advancing this program and finding an appropriate marketing partner.”

Nastech is a pharmaceutical company developing innovative products
based on proprietary molecular biology-based drug delivery technologies.
Nastech and its collaboration partners are developing products for multiple
therapeutic areas, including osteoporosis, diabetes, obesity, respiratory
disease, and inflammatory conditions.
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Aradigm Announces Asset Sale of
Intraject” Needle-Free Technology
to Zogenix

Aradigm Corporation recently announced that, in furtherance of its
plan to focus on its core pulmonary delivery expertise, particularly
as it applies to the treatment of respiratory diseases, it has sold its
Intraject subcutaneous delivery technology and related assets to Zogenix
Inc., a newly formed privately held company. Zogenix plans to complete
development and commercialize the Intraject sumatriptan product for
migraine, and may seek to commercialize other products based on the
Intraject technology. Under the agreement, Aradigm has received an
upfront payment of $4 million, and may receive an additional milestone
payment and a royalty on sales of both the commercialized migraine
product, as well as any future products based on the Intraject technology.

“Strategically, the sale of this asset facilitates the continuous
development of the Intraject product and preserves for Aradigm a share
in its success, while enabling us to move forward with our plans to focus
our resources and efforts on building a portfolio of products for our core
pulmonary business,” said Igor Gonda, President and Chief Executive
Officer of Aradigm. “With a solid manufacturing and supply chain
infrastructure for Intraject in place, we expect that Zogenix will be
successful with sumatriptan and other Intraject products.”

“Aradigm has done an outstanding job of developing Intraject to this
point, and we look forward to carrying this effort forward,” added Roger
Hawley, CEO of Zogenix. “I am confident Zogenix can successfully take
Intraject sumatriptan into the marketplace as a patient-friendly alternative
for those who suffer from debilitating migraines.”

Aradigm is developing products using its advanced AERx platform
and novel formulations to enable patients to comfortably self-administer
biopharmaceuticals and small molecule drugs. The company's AERx
pulmonary platform is being developed to offer a rapid delivery solution
for liquid drug formulations. Current activities include partnered and
self-initiated development programs addressing the treatment of asthma,
cystic fibrosis, pulmonary hypertension, pulmonary anthrax infections,
and smoking cessation. In addition, Aradigm’s AERx insulin Diabetes
Management System (iDMS), which has been licensed to Novo Nordisk
for development and commercialization in return for royalties, is in Phase
111 testing for type 1 and type 2 diabetes.

Under the agreements with Novo Nordisk, Novo Nordisk is
responsible for all further clinical, manufacturing, and commercial
development, while Aradigm and Novo Nordisk continue to cooperate
and share in technology development, as well as intellectual property
development and defense. Novo Nordisk also remains a substantial
shareholder and investor in Aradigm.

Zogenix, Inc. is a privately held specialty pharmaceutical company
focused on the development and sale of CNS and pain therapeutics.
Zogenix raised $60 million in a Series A private venture financing co-led
by Clarus Ventures and Domain Associates, LLC. Additional investors
included BA Venture Partners, Thomas, McNerney & Partners, and Life
Science Angels, Inc. Proceeds from the financing will go toward
acquiring and commercializing products based on the Intraject
technology in the migraine field and other CNS applications and seeking
technology license agreements in other therapeutic areas. Zogenix will be
responsible for executing the remainder of the product development
program and plans to build a sales force and launch Intraject sumatriptan
into the migraine therapy market.
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Halozyme Initiates First
Enhanze Technology
Clinical Trial to Improve
Subcutaneous Absorption
of a Large Molecule

Protein Therapeutic

Halozyme Therapeutics, Inc., a biopharmaceutical
company developing and commercializing
recombinant human enzymes, recently announced it
has initiated and dosed the first three patients in a
clinical trial of Enhanze Technology, Halozyme's
enzyme-based drug delivery platform based on
recombinant human PH20 hyaluronidase (rHuPH20),
intended in this trial to enhance the absorption of a
representative large molecule protein therapeutic.

“The initiation of this clinical trial takes us another
step closer to further developing the full potential of
the human recombinant form of hyaluronidase,” said
Richard C. Yocum, MD, Vice President of Clinical
Development and Medical Affairs at Halozyme. “If
rHuPH20 can be shown to enhance the absorption of
large molecule therapeutics and confer benefit either
by improved bioavailability, time to absorption,
and/or reduced side effects, this method of drug
administration may open up new strategies to treating
patients with regard to doses administered, dosing
intervals, patient tolerability, patient convenience,
and health economics.”

As a spreading agent, hyaluronidase has traditionally
been used to accelerate the delivery of drugs and
fluids, including local anesthetics, other co-injected
drugs, and contrast agents, and for subcutaneous (SC)
fluid replacement. Although a large body of clinical
experience supports the benefits and safety of using
hyaluronidase as an adjuvant to increase the absorption
and dispersion of co-injected small molecule drugs,
clinical studies are needed to support the benefits and
safety of recombinant human hyaluronidase use with
large molecule agents, such as monoclonal antibodies
and other large molecule biologics. Concerns about the
allergenicity and immunogenicity of repeat dosing of
older, animal-derived hyaluronidase have limited the
use of those products in many clinical settings. The
recent availability of rHuPH20, along with its high
purity and absence of both animal pathogens and risk
of transmissible spongiform encephalopathies, has
opened up the possibility of many more potential
therapeutic uses of this enzyme.

This current clinical trial is designed to compare the
pharmacokinetics (PK), safety, and tolerability of a
large molecule protein therapeutic agent
subcutaneously injected both with and without
rHuPH20. The dose escalation, within-patient
controlled study, will use escalating doses of rHuPH20
and substitute a standard SC injection of the
therapeutic agent with an SC injection of the protein
therapeutic agent combined with rHuPH20. The study
will compare the bioavailability and other PK
parameters, along with safety and tolerability, of the
two SC injections, one with and one without rHuPH20.
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SCOLR Pharma Engaged by Leading Consumer
Products Company to Co-Develop Novel
Application of its CDT" Delivery Platform

COLR Pharma, Inc. recently announced a research agreement with a global consumer products

company to co-develop a novel application of its CDT drug delivery technology. Under the terms of the
agreement, SCOLR will receive a research fee. If the program is successful, it is anticipated that the parties
would enter a global license agreement to allow for application of SCOLR’s technology.

“After consideration of multiple technologies and completion of diligence by our development partner,
we are very pleased to have been selected from a competing group of drug delivery companies,” said Alan
M. Mitchel, Sr. Vice President of Business and Legal Affairs. “This agreement allows us to potentially
capitalize on a new application of our CDT technology and may provide our partner with increased product
differentiation. In addition to our previously announced relationships with Wyeth and Perrigo, this
agreement is further recognition of the potential advantages of our technology and enhances the credibility
of our formulation capabilities.”

Daniel O. Wilds, President and Chief Executive Officer, added “We are gratified to complete our third
collaboration with an important partner over the last 10 months. Each of these collaborations represents a
significant and distinct business opportunity. We continue dialogue with potential partners regarding
development of products incorporating our CDT platform and other types of marketing, manufacturing, or
distribution opportunities with a focus on the pharmaceutical and OTC markets.”

Based in Bellevue, Washington, SCOLR Pharma, Inc. is a specialty pharmaceutical company leveraging
formulation expertise and its patented CDT platform to introduce distinctive and novel OTC products,
prescription drugs, and dietary supplements. SCOLR Pharma's CDT drug delivery platform provides distinctive
products with tangible benefits for the consumer and competitive commercial advantages for licensees.
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TRENDS
European Commission Grants
Orphan Medicinal Product
Designation to Nektar’s
Amphotericin B Inhalation Powder

ektar Therapeutics recently announced its Amphotericin B Inhalation

Powder (ABIP) product has been granted orphan medicinal product
designation by the European Commission for the prevention of pulmonary
fungal infections in patients deemed at risk. This designation is based on a
recommendation from the Committee for Orphan Medicinal Products
(COMP) of the European Medicines Agency (EMEA).

“Prevention of these serious fungal infections in the lung is a major
priority, given the increasing incidence of invasive pulmonary
aspergillosis in immunosuppressed patients,” said Dr. David Denning,
Professor of Medicine and Medical Mycology at the University of
Manchester. “Any therapy that reduces the incidence of invasive
pulmonary aspergillosis in particular is welcome, as these infections are
frequently fatal, and can be expensive to treat.”

According to the EMEA, orphan medicinal products are for
diagnosing, preventing, or treating life-threatening or very serious
conditions that are rare and affect less than 5 of every 10,000 persons in
the European Union (EU). An orphan drug designation provides 10 years
of potential market exclusivity if the product candidate is approved for
marketing in the EU. It also allows for regulatory assistance in preparing
the marketing application, free protocol assistance to optimize clinical
development, reduced regulatory fees associated with applying for
marketing approval, and direct access to the centralized procedure for
Marketing Authorization Application through the EMEA.

“We are pleased to make continued progress in our ABIP program and
look forward to using the scientific guidance and assistance available
through the EMEA’s Orphan Medicinal Drug Program,” said David
Johnston, Nektar Senior Vice President of Research and Development.
“ABIP holds the promise of preventing fatal fungal infections that start in
the lungs, can be very difficult to treat, and are associated with extremely
high mortality rates in spite of currently available treatments.”

In the US, the FDA granted both Fast Track designation and Orphan
Drug designation to ABIP for prevention of pulmonary fungal infections
in patients at risk for aspergillosis due to immunosuppressive therapy.

ABIP is under development for the prevention of pulmonary fungal
infections, such as aspergillosis in high-risk immunosuppressed patients.
The product is designed to target the site of infection directly with a
novel formulation of amphotericin B, a broad spectrum, fungicidal drug.
Nektar's innovative formulation and pulmonary delivery method could
potentially eliminate systemic, dose-limiting toxicities found with current
formulations of amphotericin B that are delivered intravenously.

Immunosuppressed patients, for example, those receiving organ or
stem cell transplants, or chemotherapy or radiation therapy for
hematologic malignancies, are vulnerable to opportunistic fungal
infections, such as aspergillosis, which start in the lungs and spread
throughout the body. Aspergillosis has a mortality rate of over 50%, and
in some immunosuppressed patient groups, the mortality rate may be
near 100%. Using ABIP for patients at risk of developing the infection
may potentially reduce the incidence of these infections, as well as
associated high morbidity and mortality and significant treatment costs.
ABIP recently completed a multi-dose, dose escalation clinical study in
preparation for pivotal trials to begin in 2007.
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PHARMACEUTICAL EDUCATION STARTS
WITH PARTICIPATING AT OUr WORKSHOPS

Kurve Technology Achieves Clinical Success in
Alzheimer’s Disease Study

urve Technology, Inc., a leader in nasal drug delivery devices, recently announced the

delivery of insulin by the ViaNase electronic atomizer significantly improved memory in
patients with Alzheimer’s Disease (AD) or Amnestic Mild Cognitive Impairment (MCI). In a
recent study presented at the International Conference on Alzheimer’s Disease by investigators
from the Veterans Affairs (VA) Puget Sound Health Care System in Seattle, Washington, and
the University of Washington School of Medicine, ViaNase intranasally delivered insulin or
placebo to 24 study participants. Treatment was well-tolerated, with no serious adverse events
or changes in plasma glucose or insulin levels.

Compared with the placebo-treated group, the insulin-treated group showed enhanced ability
to retain verbal information after a delay. Although memory savings scores were no different
between the two groups at baseline, they were significantly higher in the insulin-treated group
at day 21. During the 6-month trial, ViaNase delivered over 1,000 doses without a single
failure. Patients ranged in age from 65 to 95 years. A longer-term trial will begin soon.

“Intranasal insulin administration improved memory by about 20%,” said VA Principal
Investigator and Professor of Psychiatry and Behavioral Sciences Suzanne Craft, PhD. “This
degree of memory improvement can be considered clinically significant.”

Recent evidence suggests that disorders of insulin metabolism, such as insulin resistance
and diabetes, increase the risk for developing AD. According to the Alzheimer’s Association,
an estimated 4.5 million Americans have Alzheimer’s disease — a number expected to increase
to 11 to 16 million by 2050. Finding a treatment that delays onset by 5 years could reduce the
number of individuals with Alzheimer’s disease by nearly 50% after 50 years.

“The ViaNase electronic atomizer performed flawlessly throughout the duration of the
clinical trial period. In addition to improvement in daily function and memory, study
participants and their caregivers found the device easy to use and extremely reliable,” said
Kurve Technology’s CEO Marc Giroux.

TREMD

Dermisonics’ Insulin Patch
Component of the U-Strip

System Does Not Damage
the Skin

Dermisonics, Inc. recently announced it successfully
completed its HPT-3A human pilot trial of its proprietary
U-Strip transdermal drug delivery system in patients with
type-2 diabetes, demonstrating that an insulin-loaded
proprietary patch does not cause skin damage or irritation. The
company continues its HPT-2 human pilot trial, an approved
investigational review board (IRB) study designed to
demonstrate the ability of the U-Strip System to deliver
controlled doses of insulin to patients, comparing the rate of
delivery of insulin in comparison to an insulin pump. The
company anticipates completion of HPT-2 by the end of 2006.
This trial specifically examined the effects of the U-Strip
insulin transdermal delivery system upon the skin of type-2
diabetic patients.

The goal of the study was to demonstrate that insulin
contained within the company's proprietary transdermal patch
does not cause skin damage or irritation. The study was
conducted upon 25 adult type-2 diabetic patients of both sexes,
with an average time on disease of at least 10 years. A U-Strip
Low Profile Transdermal patch, containing 75 units of insulin
(enough for a 2-day supply for most diabetics) was fitted on the
left upper arm and to the right side of the abdomen. The
volunteers were tested over a 5-hour test period to determine
any skin sensitivity to the insulin or to the adhesive border of the
patch. During this study, no ultrasound was applied. The patches
were loaded with conventional insulin, Humalog, which was
supplied by Eli Lilly and Co. Abbott Laboratories supplied the
glucose meters, FreeStyle Flash, which were used in the trial to
verify that the insulin was not permeating through the skin on
its own. No ultrasound was applied to the skin during this study,
which tested the irritancy of the insulin contact upon the skin
and to a lesser degree the border adhesive's irritancy factor.

The trial revealed no adverse skin reactions, no skin
irritation, or skin damage among any of the volunteers. This
study demonstrates that the insulin-loaded patch component of
the U-Strip system does not damage the skin, even the skin of
highly sensitive type-2 diabetics. The contract research
organization that worked with the company on the trial reported
no adverse reactions to the adhesive used in the insulin patches,
but some minor adhesive residue was observed around the
border of the patch in some of the volunteers. This residue was
easily washed away and was not a source for redness,
discoloration, or irritation.

Dermisonics’ proprietary U-Strip system employs proprietary
microelectronics and ultrasonic technologies with a drug-
carrying patch to enable the painless delivery of large-molecule
drugs through the skin's natural pores and hair follicles. This
successful study, and the recently completed HPT-4 human pilot
trial that demonstrated that the ultrasound component of the U-
Strip System did not damage the skin of highly sensitive type-2
diabetics, are significant steps in achieving clinical approval for
the U-Strip System.
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FDA Approves Connetics
Corporation’s Verdeso Foam for the

Treatment of Mild-to-Moderate
Atopic Dermatitis

Connetics Corporation, a specialty pharmaceutical company that develops and
commercializes dermatology products, recently announced that the US FDA
has approved Verdeso (desonide) Foam, 0.05%, for the treatment of mild-to-
moderate atopic dermatitis. Verdeso, previously referred to as Desilux, is a low-
potency topical steroid and is the first approved product formulated in Connetics'
proprietary VersaFoam-EF emulsion formulation foam vehicle. Connetics
expects to begin marketing Verdeso to physicians in the fourth quarter of 2006 in
50-g and 100-g trade unit sizes.

“This approval allows us to bring a new and valuable option to physicians for
treating children and adults with atopic dermatitis,” said Lincoln Krochmal, MD,
Executive Vice President of Research and Product Development for Connetics.
“We look forward to commercializing the first product in our patented emulsion
foam vehicle, formulated with emollient ingredients, and our first product
approved for pediatric use. The low-potency corticosteroid desonide in VersaFoam-
EF has been shown in our clinical trials to be safe and effective in children as
young as 3 months of age. The ethanol-free vehicle in Verdeso is intended to
provide an elegant, moisturizing, non-stinging product that absorbs quickly into the
skin and does not feel sticky like an ointment or cream. In our pivotal clinical trial,
burning sensation at the application site was reported by 3% of all treated patients
and 1% of pediatric patients between 3 months and 3 years of age.”

Thomas G. Wiggans, Chairman and Chief Executive Officer of Connetics,
added "We have established leading brands in the topical mid- and super-high
potency steroid categories with Luxiq and OLUX, respectively. With the addition
of low-potency Verdeso, Connetics now offers physicians a complete line of
topical steroids with enhanced cosmetic elegance, which we believe leads to
increased patient compliance and satisfaction. Verdeso is a strong strategic fit for
our dermatology sales force as well as the pediatric sales force we acquired
earlier this year. Looking forward, we anticipate the potential approval of a
second product using the VersaFoam-EF technology, Primolux, with a January
2007 PDUFA date.”

Approximately 7.7 million prescriptions are written annually in the US by
dermatologists for low-potency steroid products, and desonide is the leading
topical corticosteroid in this market. The approval of Verdeso provides Connetics
with its first low-potency steroid product and expands the company's topical
steroid franchise to include a product offering in each of the three potency
segments of the total $1.1 billion topical steroid market.

Connetics believes that its emulsion foam delivery vehicle is an important
advancement in topical steroid therapy. The vehicle, which was granted a patent
in May 2004, contains no ethanol and is reported by patients to have a
moisturizing feel. The vehicle was developed by Connetics as a cosmetically and
functionally elegant formulation to compete against creams and ointment-based
treatments and to address a US market opportunity that currently exceeds $725
million annually.

Connetics owns worldwide rights to a number of unique topical delivery
systems and has branded its proprietary foam drug delivery vehicle VersaFoam.
This versatile topical drug delivery vehicle is available in three formulations,
including VersaFoam-HF, VersaFoam-EF, and VersaFoam-AF. VersaFoam
Hydroethanolic Formulation (HF) is neither hydrating nor drying. It dissolves
rapidly at skin temperature (90° F to 95° F) and leaves minimal residue on the
skin. VersaFoam-EF is an emulsion formulation that provides many of the
benefits of ointments, creams, and emollient-cream vehicles, but with the
cosmetic elegance of VersaFoam. VersaFoam Aqueous Formulation (AF) is a
hydrating version of VersaFoam. Medications formulated with VersaFoam-AF
are in development. VersaFoam formulations are designed to address specific
patient preferences and skin types, and to have important functional benefits and
cosmetic benefits compared with conventional delivery vehicles, such as creams,
ointments, gels, and lotions. Each VersaFoam formulation is easy to apply and
spread, disappears into the skin quickly, and offers the cosmetic elegance of a
fine skincare product. In addition to Verdeso, Connetics’ VersaFoam-based
products are OLUX for scalp dermatoses and non-scalp psoriasis, Luxiq Foam
for scalp dermatoses, and Evoclin Foam for acne.
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Bentley Pharmaceuticals Announces Agreement with Cardinal Health for Scale-Up
and Manufacture of Clinical Supplies for its Intranasal Insulin Program

Bentley Pharmaceuticals, Inc., a specialty pharmaceutical company,
recently announced it has secured capacity at Cardinal Health's new
North Raleigh facility for the scale-up and manufacture of clinical supplies
of Bentley’s intranasal insulin product candidate, facilitating the expansion
of clinical trials.

The product candidate utilizes Bentley’s proprietary CPE-215 drug
delivery technology to deliver insulin directly through diabetic patients’
nasal mucosa using a small, discreet nasal spray. The conventional treatment
requires intramuscular injections several times a day.

Cardinal Health, a leading provider of products and services supporting
the healthcare industry, will manufacture clinical supplies of Bentley
Pharmaceuticals’ intranasal insulin product under cGMP at its new, sterile
manufacturing facility in North Raleigh, NC.

“This agreement with Cardinal Health is another important step forward
in our intranasal insulin program and the CPE-215 delivery platform,” said
John A. Sedor, President of Bentley Pharmaceuticals. “Early results for the
intranasal insulin product have been promising, and there is growing interest
in alternative insulin delivery methods that are less intrusive than injection.
We are excited to be working with Cardinal Health to continue to advance
this program through global Phase II trials this year.”

This agreement builds on an existing drug development relationship with
Cardinal Health’s manufacturing and analytical services facility in Research

Triangle Park, NC, where Cardinal Health pulmonary and nasal experts
worked with Bentley Pharmaceuticals to characterize the product.

“Bentley Pharmaceuticals leveraged multiple capabilities within Cardinal
Health's development and manufacturing segment to prepare its intranasal
insulin candidate for global clinical trials,” said Shawn Gallagher, Vice
President and General Manager of Cardinal Health’s North Raleigh facility.
“By using Cardinal Health’s full range of solutions, from development to
manufacturing to packaging and distribution, Bentley Pharmaceuticals
maximizes its efficiency and relies on the same high-quality services
through the entire drug development and commercialization cycle.”

Bentley Pharmaceuticals, Inc. is a specialty pharmaceutical company
focused on advanced drug delivery technologies and generic pharmaceutical
products. Bentley’s proprietary drug technologies enhance or facilitate the
absorption of pharmaceutical compounds across various membranes. Bentley
also manufactures a growing portfolio of generic and branded generic
pharmaceuticals in Europe for the treatment of cardiovascular,
gastrointestinal, infectious, and neurological diseases through its subsidiary,
Laboratorios Belmac, and markets these pharmaceutical products through its
subsidiaries, Laboratorios Belmac, Laboratorios Davur, Laboratorios Rimafar,
and Bentley Pharmaceuticals Ireland; and manufactures and markets active
pharmaceutical ingredients through its subsidiary, Bentley APIL.

Pfizer & TransTech Pharma Enter Into Agreement for the Development ¢
Commercialization of RAGE Modulators

fizer Inc. and TransTech Pharma, Inc. recently announced they have

entered into a license agreement for the development and
commercialization of small and large molecule compounds under
development by TransTech. These compounds target the receptor for
advanced glycation endproducts (RAGE) and have potential use in the
treatment of Alzheimer's disease, a progressive illness that kills nerve cells
in the brain afflicting some 18 million people worldwide.

Through the collaboration, Pfizer gains exclusive worldwide rights to
develop and commercialize TransTech's portfolio of RAGE modulators. The
most advanced molecules are TTP488, an orally available small-molecule
compound that has completed a Phase Ila study in Alzheimer's patients and
is currently in a Phase II study in patients with diabetic nephropathy; and
TTP4000, a large-molecule compound that is expected to enter Phase I
clinical trials before the end of 2006.

Under the agreement, TransTech will receive upfront and near-term
milestone payments of $155 million and the potential for significant
additional milestone payments for the successful development and
commercialization of multiple RAGE antagonists in several indications.
TransTech will also receive royalties on worldwide sales of products. In
addition, Pfizer will provide TransTech up to $18 million during the research
term to support continued expansion of the RAGE portfolio. The agreement
is subject to clearance by US Federal Trade Commission.

“This agreement is an important step in Pfizer’s commitment to
neurosciences research and the development of new medicines for patients
whose lives are impacted by Alzheimer’s disease and other disorders,” said
Martin Mackay, PhD, Pfizer Senior Vice President Worldwide Research and
Technology. “As a world leader in Alzheimer’s disease therapy, we
understand the need for new treatment options for this debilitating disease,
which takes an enormous toll on our aging and elderly population.”

“Our collaboration with TransTech advances our strategy to build upon

Pfizer's broad internal research programs with high-potential, externally
sourced product candidates and technologies. With this agreement, we have
now signed 10 major deals for new products and technologies in a number of
therapeutic areas in the past year, and our goal is to accelerate this activity
by quickly seizing on new opportunities,” added Mr. Mackay.

“We are extremely pleased and excited to be partnering our RAGE
platform with Pfizer,” said Adnan M.M. Mjalli, PhD, Founder, President, and
Chief Executive Officer of TransTech Pharma. “We believe this transaction
has the potential to be among the largest of its kind in recent years. Pfizer’s
deep commitment in multiple therapeutic areas coupled with their broad
expertise and experience in the development and commercialization of new
medicines, especially for the treatment of central nervous system diseases,
were significant factors in our decision to go with Pfizer as the partner of
choice to advance our current portfolio of RAGE inhibitors in a variety of
potential indications.”

The receptor for advanced glycation end products (RAGE) is a member of
the immunoglobulin superfamily of cell surface molecules with a variety of
ligands that are associated with different diseases. Ligands of RAGE and their
associated diseases include amyloid fibrils (Alzheimer’s disease), advanced
glycation endproducts (AGEs) (diabetes and renal insufficiency), amphoterin
(tumors), and S100/calgranulins (inflammation).

TransTech Pharma is a privately held clinical-stage pharmaceutical
company focused on the discovery, development, and commercialization of
human therapeutics to fill unmet medical needs. The company’s high-
throughput drug discovery platform, Translational Technology, translates the
functional modulation of human proteins into safe and effective medicines.
TransTech has a pipeline of small molecule clinical and preclinical drug
candidates for the treatment of a wide range of human diseases, including
cardiovascular disorders, central nervous system disorders, type I/II diabetes,
obesity, and cancer.
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Alexza Pharmaceuticals Initiates Phase Ila Clinical Trial for AZ-004 in
Schizophrenic Patients With Acute Agitation

lexza Pharmaceuticals, Inc. recently announced it has initiated a

Phase Ila clinical trial with AZ-004 (Staccato loxapine). AZ-004 is
an inhalation product candidate being developed for the acute treatment
of agitation in schizophrenic patients. The Phase Ila clinical trial is a
multi-center, randomized, double-blind, placebo-controlled evaluation of
120 patients in a clinical setting. Two doses of AZ-004 will be compared
to placebo in this proof-of-concept study. The primary aim of the
clinical trial is to assess the safety and efficacy of a single dose of AZ-
004 in acutely treating agitation in schizophrenic patients. Assessments
of a patient's agitation state will be conducted at serial time points using
both standard agitation scales and objective measures of patient's
movement over a 4-hour period, with follow-up assessments for the next
20 hours. The change in the PANSS Excited Component (PEC) scale
will be the primary efficacy measure for the clinical study.

AZ-004 is the combination of Alexza’s proprietary Staccato system
with loxapine, a drug belonging to the class of compounds known as
antipsychotics. In a Phase I dose-escalation clinical trial, AZ-004 was
generally well tolerated at all doses tested, and there were no serious
adverse events. Across all doses, pharmacokinetic analyses revealed that
peak plasma levels were generally reached within the first few minutes
after dosing, and AZ-004 exhibited good dose proportionality. Alexza

believes the non-invasive nature and rapid pharmacokinetic properties
resulting from administration via the Staccato system make AZ-004, if
approved for marketing, a viable product candidate for treating agitation
episodes in schizophrenic patients.

Alexza is an emerging pharmaceutical company focused on the
development and commercialization of novel, proprietary products for
the treatment of acute and intermittent conditions. The company's
technology, the Staccato system, vaporizes unformulated drug
compound to form a condensation aerosol that allows rapid systemic
drug delivery through deep lung inhalation. The drug is quickly
absorbed through the lungs into the bloodstream, providing speed of
therapeutic onset that is comparable to intravenous administration, but
with greater ease, patient comfort, and convenience. The company has
four product candidates in clinical development; AZ-001 (Staccato
prochlorperazine) for the acute treatment of migraine headaches, AZ-
002 (Staccato alprazolam) for the acute treatment of panic attacks
associated with panic disorder, AZ-004 (Staccato loxapine) for the
treatment of acute agitation in patients with schizophrenia, and AZ-003
(Staccato fentanyl) for the treatment of patients with acute pain.
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Combination Products Revolutionize the Global Healthcare Industry

By: Christine M. Ford, MBA

n recent years, the combination products market has

developed into a revolutionary industry. Initially, the FDA

handled most products that crossed jurisdictional lines on a
case-by-case basis. With two or more agencies responsible for
reviewing each product, there were issues in clarifying which
policies were applicable. In 2002, under the Medical Device
User Fee and Modernization Act (MDUFMA), the FDA
established the Office of Combination Products (OCP) to oversee
the regulatory process for combination products. The OCP is
responsible for assigning the product to the appropriate FDA
center for jurisdiction. Since the establishment of the OCP, the
FDA has reported a steady increase in the number of requests
from cutting-edge combination product developers for
presubmission meetings to seek advice on the best approaches
for scientific and clinical testing and evaluation.

The definition of a combination product according to the FDA
is as follows: two or more regulated components — drugs,
medical devices, or biologics combined through physical or
chemical means. These include drug-coated devices, drugs
packaged with delivery devices in medical kits, and drugs and
devices packaged separately but intended to be used together.
Some examples of combination products include drug-eluting
stents, surgical mesh with antibiotic coatings, spinal fusion
putties, protein-coated implants to encourage bone regeneration,
and single-device-integrated glucose meter/insulin pumps for
diabetics. Many such products bring together the power of
advanced therapeutics with the precision dosing made possible
by sophisticated delivery technologies. Already valued at $5.4
billion in 2004, the global market for combination products is
achieving annual growth of 10% to 14% percent a year.'

In the past year, numerous combination products have received
a great deal of attention. One groundbreaking combination
product is Pfizer’s Exubera, an inhaled powder form of
recombinant human insulin (rDNA) for the treatment of adult
patients with type 1 and type 2 diabetes. Approved by the FDA
in January 2006, Exubera is inhaled into the lungs through the
patient's mouth using a specially designed inhaler. For the some
5 million Americans who take insulin injections, this product
may allow for improved insulin management. It is the first new
insulin delivery option introduced since the discovery of insulin
in the 1920s. This new capability has revolutionized the drug
delivery industry and provided the healthcare industry with the
potential for unlimited possibilities for providing safe drug
delivery via the systemic pulmonary route. This technology will
benefit various areas of medicine, including pain management,
oncology, osteoporosis, migraines, immunosuppression, and
neurologic disorders.?

Another product of interest is Orthovita Inc’s combination
product Vitagel, which received pre-market approval (PMA) from
the FDA in June 2006. Vitagel is a composite liquid hemostat used
in surgical procedures as an adjunct to hemostasis. This technology
offers an advantageous alternative when control of bleeding by
ligature or conventional procedures is inefficient or impractical.
Vitagel works by combining a thrombin/collagen suspension with

the patient’s own plasma. The resultant fibrin/collagen clot stems
bleeding and provides a robust three-dimensional matrix for soft
tissue healing. Vitagel is approved for use only in conjunction with
the Cellpaker plasma collection system.’

Lastly, approved by the FDA in April 2006, Shire plc's
Daytrana is the first and only transdermal methylphenidate
medication approved to treat the symptoms of ADHD. This
treatment provides physicians and parents with a new, practical
way to individualize treatment for children with ADHD. The
patch treatment provides an option for parents whose children
have a resistance to oral medication and eliminates the need for
children to take additional doses of medication during their
school day. In addition, because the effect of the medication in
Daytrana starts to decrease upon patch removal, the ADHD patch
allows parents, at the direction of the physician, to vary the
duration of effect of the medication up to the recommended 9-
hour wear time.*

The aforementioned products represent only a handful of the
innovative new products on the medical industry frontier. As the
evolution of medical technology continues to progress globally,
many experts predict that combination products will play a
crucial role in the future because they hold great promise for
advancing patient care. However, continued development of these
technologies is not without challenges. Manufacturing,
packaging, and regulatory considerations all present potential
obstacles on the path to commercialization. Combination product
manufacturers should bear in mind that the assessment process
of the safety and effectiveness of these products may not yet be
as timely and efficient in relation to the growth of the
combination products industry. However, such concerns are only a
telltale sign of rapid progression and exciting new advancements. 4

REFERENCES

1. Ford C. Key iderations for dk ping ion products. Drug Delivery Technology. 2006;6(6):28-32.

2. Terrie Y. Advances in pulmonary drug delivery. Pharmacy Times. August 2006.

3. Orthovita, Inc. Orthovita receives FDA approval to market its Vitagel surgical hemostat. Business Wire. June 16,
2006.

4. Shire ple. Shire's Daytrana, first patch medication for ADHD in children, now available in pharmacies. Medical
News Today. July 5, 2006.

BIOGRAPHY

Ms. Christine M. Ford, is Event
Director of PharmaMedDevice. Since
joining Reed Exhibitions in 1991, Ms. Ford
has been involved in a variety of
conference and event management
positions within a range of event
portfolios, including technology, life
sciences, and manufacturing. Ms. Ford
served as Reed Exhibitions’ Director of
Business Development from 2000-2005, working on a variety of
launch and acquisition projects. Since 2004, she has focused
the majority of her business development work within the life
sciences and healthcare industries, including the
PharmaMedDevice launch. Ms. Ford earned her MBA from the
University of Connecticut and her BS from Fairfield University.
She can be reached at (203) 840-5391 or cford@reedexpo.com.




BD™ Self-Injection Systems

Bringing you solutions for the home care market

é"; BD ﬁ"rtfﬂ lives

BD Pen Il and BD Liquid-Dry Pen

Wihile miost patkess e bse the taditdnal * [ imtomizabls body designs and coion
whill arid sytnge effactuely, 1 e @ prise 1o o Actgabily for bejnd o Iyepihilie=es deugss
b comphcated and saccuate for thow who * fgsanbie ant disposabie srelems

am youny, akdedy antior pinscallytmmaly = Afunsithis o fived dowes

impaired’, Selt-niacion pens as ey i ueard
help delver 3 moe precise dosane’. BO offers 3
binoerd ey of sef-noimegtsiration system desdii
10 hinlpomer wour produet ind fatisnd needs
BO ko ctfuria hive of pen rmgees, whith came
I bty o lergghs ard gaupes and ae among
thi thenrest and shapest needies aaighizon .H']mub
the mar ket Wamnoan S
I N, N et A by e s e e rerbi e 1 becmn v

mﬁmnwmpumumm ChpTie 1R Feanki Likge W1 GT4ET
Vihsig, FH i b bmann cre el ikt 2R 07 011 .mp
WO Pt bt e Coam

 For mare lir-hr'mﬁnm please call
BOD-225-3310 or visit wwwebdpharma.com

HE 9 fogn pee 8 nfepy (Ténmmrs e the (eoserty o e, [dmmern mnd | omes 22507 48



U SINESS

TOPMENT

DIED

Value Creation Through a Hybrid Business Model

By: Anthony Garramone and Debra Bingham
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The idea is to design a workable business model that

will create value for shareholders within a
reasonable amount of time assuming a reasonable amount of
risk. Almost everyone close to the drug delivery industry
will agree that long-term value creation with a platform
technology in and of itself is complicated now that pipelines
are somewhat dryer, the client base is smaller, and the
competition is greater than before. With strong enabling
technology and good decision-making on partnering, a drug
delivery model can provide the needed cash and skills to
move a company forward. However, for long-term growth,
most companies will have to look to product acquisition or
development to create a strong internal pipeline of products
independent of the whims of a partnership. The question is
how far down the road toward the pharmaceutical product
model does a drug delivery company have to travel?

Creating value is the order of the day for every CEO.

SPECIALTY PHARMACEUTICAL MODEL - IS IT
RIGHT FOR EVERY DRUG DELIVERY COMPANY?

The pharmaceutical industry is no different than other
industries — you must create a product or service that
meets an unmet need, you must differentiate from
competition, and you must
communicate the message clearly to
your target audience. Drug delivery
companies transitioning to a specialty
pharmaceutical model may have

investment, something for which most drug delivery
companies are not well equipped.

For this reason, many drug delivery companies have
chosen to pursue a hybrid model that allows both
technology partnering and internal product portfolio
creation. The key to success for these companies is to
advance internal products and move toward a specialty
model without losing track of building value in the platform
technology. Leveraging the technology across both internal
and select proprietary molecules and not limiting it only to
internal opportunities would allow the most value to be
derived from the technology. The hybrid model allows a
company to leverage both internal development
opportunities while accessing other markets by continuing
to apply the technology to select, proprietary molecules.
This approach allows these companies to create value that is
not limited to that which could be created through the
internally developed opportunities that could be pursued.

ARGUMENT FOR HYBRID BUSINESS MODEL

The economics of some partnered opportunities can be
as lucrative as specialty pharmaceutical opportunities,
which are either licensed out at a late stage or developed
internally using the drug delivery technology. Typically, the

Continuum of Oppanunities for Drug Deliveny Technolsgles

difficulties with some or all of the
aforementioned requirements. The
current climate seems to value
products more than enabling
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technology, and this fact has caused
some drug delivery companies to
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revenue generation. That business
model requires significant

Wybricd Husiness Modal

Thess oM ey o dngs
DATINE DIOOC 1 &Nk &N
rliaTidl P Toled using s dug
Ak TS N Dby il SRR
T @ fpaid Sl (SR L




I

That s the prommmmee of Aysen Cinag Delvnry Systoms
carmbinirgg immovatian ahd pacalelsd e stng
SxpafisicE tn aovanss- grud delheary and pionsor
rigw fronoess In ransdermal orug delivery: for o
ghmmecal entities arg Ve cycld  manacsmears

apoartunitie 9 eshanoe ol peodissin

Aan pmm of the world's: largest  maruafRchirorm
af tramedernal  petohes afftenng & il ranges
gl mesearofl, dérveloperidsnt Wl mmenatsciureg
capallites; Avevi transcencs iredibongHImitnione
af prich sochnoiopgy and Sunnaus partnarsiipe o
aohises e vl of prodiasl ond oorpeealis

prfarmmanco.

AVEVA L

Drpiics Qe pyes Sy

i

ATEITTHET] A0AUSI0YS T Thve JINIcEE S et erInRTGT

i gt dug

= KMa=sierully aEncwig 1ne Heich ronernt

afrmsion raliabdity and gertisress that wad o

=N DNEnCan poher oIperipnco

» fEnading 8 ghar drug concarrolan in &

armEllsr pEleh

Ay flosdiisie. oumto e

Orraries] DS

1 pEhilloadphy

IEal adiks valise D proEscts and Sgoescls ouigs

foFTyee aWprenct ot iorm

;‘a MNITTO DENKS GROUP &t 000m. s D Dok wiry Bralarms. 50 10005 Fesii



Drug Delivery Technology October 2006 Vol 6 No 9

N
(=]

Sl

DLELTA L SCIPIMIEINGT;

TESS

opportunities available to specialty pharmaceutical companies
fall below the radar and below the line in terms of market
opportunity for big bio/pharma companies. While developing
these can be lucrative, there is a significant amount of risk and
development costs, which are funded by the drug delivery
company. Alternatively, the value of the drug delivery
technology when applied to a partnered program, especially an
enabling technology, can garner a piece of what is in most cases
a very large pie — this piece of the large pie can have as much
value as having the whole pie in the case of the specialty
pharmaceutical option — with lower risk and lower cost to the
drug delivery company.

The bottom line is that the hybrid model (Figure 1) allows
drug delivery companies to work across the entire continuum of
opportunities that exist from the go-it-alone, speciality pharma
model, to the partnered model, and therefore allows companies
that pursue the hybrid model to “dial-in” and adjust the risk
profile of their portfolio across more bandwidth than is possible
for a pure-play company.

POSITIONING THE PORTFOLIO
FOR VALUE CREATION

It is important to note that a hybrid model will require
careful market positioning. The attraction of high-quality
partners is as much due to market position and creative strategy
as it is due to strong technology. It is critical that the company:

* Becomes an expert regarding technology capabilities

* Discovers and clearly communicates unmet market needs
for the technology application

* Puts in place a formal process to quantitatively manage
its portfolio

« Strategically drives IP portfolio to control its area of the market

* Develops a “story” — proprietary molecule partnering and
internal projects and a clear message regarding strategy to
investors and the public

* Develops or adopts an internal process for product
concept generation

SUMMING IT UP

The successful companies will find a way to continue to
add to and build on the drug delivery base while bringing in and
developing innovative and relevant products. The industry needs
drug delivery technology. There are still significant unmet needs
around drug delivery. It is important that innovative and creative
companies maintain a focus on deepening and strengthening
proprietary drug delivery technology while at the same time
keeping an eye to the horizon for products that fulfill a medical
and/or market need.

Building value in the company using a drug delivery
technology is more about making the right choices on partners
and products to pursue, than it is about moving toward a
specialty pharma business model. The market value of the
company will ultimately depend on the strength of the portfolio
and technology base.
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Formulation Strategies to Protect Multi-Billion Dollar Blockbusters

By: Contributor Cindy H. Dubin

INTRODUCTION

Nearly 70 branded drugs with annual US sales of $46
billion, including 19 blockbusters with annul sales of more
than $1 billion each, are set to go off patent by 2010. The
most recent of these was Merck’s Zocor, the number two
cholesterol-lowering medicine. In anticipation of losing its
patent this past June, Merck struck a co-marketing deal
with Schering-Plough in 2004 to sell Vytorin, a
combination of Zocor and Zetia, discovered by Schering-
Plough and co-marketed by the two companies. For
Merck, Vytorin, which launched in 2004, has softened the
blow of Zocor going off patent; the drug had sales of $2.4
billion last year. For Schering, Vytorin is projected to
account for 70% of the company’s earnings this year.

But it will take more than strategic partnerships for
Big Pharma to compete with the generic market. Better
life cycle management, earlier planning of drug delivery,
and even morphing existing drugs are formulation
strategies that Big Pharma should consider tackling to
stave off generic competitors.

Coincidentally, Merck has slashed the price of Zocor
for one insurance plan in which members will pay less for
the branded drug than for the generic. Some consumer
advocates fear that the practice will spark a movement
among pharmaceutical companies, compounding other
pressures they fear will weaken the generic industry.

Consumer advocates say moves such as Merck's
undermine generic companies' chances to generate the
profits that fuel their ability to conduct research and
challenge drug company patents — eventually resulting in
fewer less-expensive medicines.

According to industry insiders, this has not stopped
the switch of patients to the generic and is not an issue for
the wider market for Zocor, which is why generic
simvastatin has already taken over about 75% of total
prescriptions for that product.

Drug Delivery Technology magazine recently asked
some industry insiders how Big Pharma can survive the
blow of blockbusters coming off patent. They are: Jack
Aurora, PhD, Director Pharmaceutical Research and
Development, Pharmascience Inc.; Ravi Kiron, PhD,

MBA, Executive Director New Technology Assessment
and Planning, Alza Corp.; Phil Smith, PhD, General
Partner, S.R. One, Limited; Jay Trivedi, MS, MBA,
Licensing & Development Programs, Patrin Pharma; and
Daniel Ruppar, Research Analyst, Frost & Sullivan.

Q: As 19 blockbuster drugs are due to lose their
patents by 2010, what formulation strategies does
Big Pharma need to put into practice to compensate
Jfor losing those patents?

JACK AURORA: Big Pharma needs to change because
of the growing disparity between the amount of money
being spent and the number of successful drugs coming
out of R&D. To survive in this competitive world, one may
immediately think mega-merger. This eliminates overheads
and duplications, but in the end, this does not give you a
long-term viable solution. This is a short-term financial
solution that takes longer and is expensive. Another
short-term option being exercised by Big Pharma is
authorized generics and licensing deals. It has been
reported that the top 20 drug companies are becoming
more dependant on licensing to build their pipelines. This
trend will continue, but again, this option is not the best
and is not a long-term solution.

So, there are a couple of options to exercise. One is to
think creatively and squeeze more life out of expiring
blockbusters by combining them with other drugs and
marketing them as drug “combos” for new therapeutic
indications. Another interesting option is to join hands
with smaller biotechnology companies and be productive,
eliminate overheads, and capitalize on inventions/research
ideas of smaller organizations.

Buying your pipeline off-the-peg is one thing. But at
the same time, these organizations need to bring new and
better drugs to patients faster and more efficiently by
reducing cost and time spent developing them. Increased
emphasis has to be spent in the discovery and
development phases, such as automated high throughput
screening systems and targeted clinical trials through
biological markers and/or genome-access tools. Moreover,
regulatory requirements in terms of safety and efficacy
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need to be explored. With the advancement in
pharmacogenomics more focused, smaller Phase III trials
should be conducted to reduce the cost and time of the clinical
phase of development. This will, in turn, reduce the regulatory
approval time while still providing required data and
confidence to the regulatory agencies. The question arises
whether Big Pharma needs to perform all the R&D or
outsource. It is wonderful to do yourself, but the golden rule is
that you can always find someone else to do the job in a
different and more efficient way.

RAvI KIRON: Various formulation strategies are being
considered, and innovation in the traditional modes of delivery
will bring about a new revolution in the way drugs are currently
administered into the body. The opportunity for a clearly
enunciated 505b2 strategy to launch once marketed drugs with
a new delivery mode or route needs to be developed, and
appropriate guidelines need to be communicated to the industry
by the FDA and other regulatory bodies.

In addition, novel biological delivery formulation
methodologies need a new lease on life so as to deliver the
new crop of biotechnology products that are currently in
development and that will need (very soon) a delivery option
to be launched in the market.

PHIL SMITH: Formulators might want to consider
polymorphs — a different crystal form of a chemical structure.
A new polymorph can be patented and may be combined with
salt form selection to produce a more stable pharmaceutical.
Such an approach could allow for the development of a dosage
form with improved solubility, reduced dosing frequency
and/or amount, and hence better compliance and/or reduced
side-effect profile to benefit the patient.

JAY TRIVEDI: The industry must understand that the
concept of Life Cycle Management (LCM) begins at the launch
of a product. As timelines are shrinking and competition is
fierce, protecting Intellectual Property (IP) must be a part of the
product launch strategy. In essence, LCM should be viewed as a
Portfolio Optimization strategy at the time of launch rather than
last minute efforts to respond to patent expiration.

The industry is learning this but for earlier products, the
patent expiration will cause a significant financial blow to Big
Pharma. The industry is already taking the usual steps, ie,
pediatric trials to extend patent life, using alternate delivery
routes, new formulations, and the use of drug delivery company’s
patented technology to extend product life. These are usual
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defensive steps and would help. In addition, they are also using
the Authorized Generics strategy to reduce financial impacts.

Abbott executes a great example of an ideal LCM strategy
with regard to Tricor. This is a 50-year-old molecule that still
maintains a leading place in the market. It’s a billion-dollar
product on its own. As Tricor is reaching technological
limitations for now, Abbott is teaming up with Astra
Zeneca’s Crestor for a combination drug. The drug is now in
Phase III studies.

However, the key to growth is newer drugs that offer
significant benefits over current treatments. Because
development cycles are long and success rates are low,
adaptation to newer technologies (eg, screening, genomics, and
proteomics) will certainly help in finding new targets. In
addition, acquisition or licensing of small technology firms is
proving more beneficial both in the short-term as well as long-
term for Pharma. More traditional approaches, such as R&D
cuts and mergers, are temporary solutions and often result in
disappointing results for long-term survival.

DANIEL RUPPAR: Big Pharma can exercise a variety of
tactics, be it a new delivery method, next-generation product,
or single pill combo for example. Where applicable, these all
are able to yield an expanded IP position for the company and
add revenue potential to their product line. GSK has three
delivery forms for its migrane product, Imitrex. As Jay
indicated earlier, Abbott maintains hold over fenofibrate
patients by continuing to evolve TriCor, the latest using Elan’s
NanoCrystal technology. Overall, continuing product evolution
through new formulation efforts can yield greater returns over
what is possible with the initial product version launched in
the market.

Q: Consider the case of Zocor and Merck's partnership
with Schering-Plough to combine drugs. Will we see
more of these partnerships to combine drugs? What is
the advantage of this?

JACK AURORA: The interesting story of Zocor and
Merck’s partnership with Schering-Plough is an example of
healthy growth and a stronger business relationship. In this
specific case, the partnership has drawn upon the research
expertise and marketing strength of both organizations and
competes in the cholesterol management and respiratory
therapeutic areas that would not otherwise be developed.
Development and marketing costs have been split evenly, as
well the sales.
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As we all know, success is tough to come by, and
everything is expensive in this competitive world. We all need
to think out of the box. In light of these eye-opening facts, we
hope to see many more joint partnerships. Such strategies will
help bring medicines to patient populations much faster and in
a more efficient way. Moreover, such mutual partnerships will
also help minimize the time and money spent on litigations
and that in turn will reduce the cost and time of development
of the new drugs.

RAvI KIRON: This trend of developing combination drugs
will increase, although without any guidance from the
regualtory bodies, it will be very difficult and a major hurdle for
innovative smaller companies to launch in this space.
Combinations will not only be two or more drugs together, but
also a drug(s) and device together as a combination will also
emerge in the marketplace throughout the next 5 years. For now,
the success or failure of the Merck/Schering-Plough partnership
will also spell the future of combination drug therapy.

DANIEL RUPPAR: The Merck/Schering-Plough
partnership is an important one. As part of that, Merck and
Schering took Merck’s Zocor and combined it with Zetia,
initially discovered at Schering, to create a new single pill,
Vytorin. The companies have gained substantially through the
partnership, launching Zetia and Vytorin, as both products
have become global blockbusters. One major point for Merck
in this is gaining the ability to continue to generate substantial
revenues from the cholesterol space post Zocor’s patent
expiration this year.

Abbott has now done something similar through the
initiation of a collaboration with AstraZeneca. That partnership
combines Abbott’s TriCor and their next-generation
fenofibrate, with AstraZeneca’s Crestor.

The overall advantage of this strategy is both companies
bring individual strong points to the table, and sides of the
product. Not only does the collaboration gain from the
combination of resources, but in the splitting of development
cost and risk. In cholesterol therapy, companies are looking
more to combine products, especially in this statin plus a non-
statin scenario as patients are looking for new ways to help
them meet their lipid goals. This is yielding product
development that wouldn’t be possible right now from an IP
standpoint without a collaborative effort. Both patients and the
industry are able to benefit from that.

JAY TRIVEDI: Big Pharma used to compete with one
another in the old model. Now, as patents are expiring, they
are looking outward to create combination products. This
requires an association with former competitors. We are seeing
more joint ventures as a need of survival for both companies.
You are already seeing this trend as already discussed in the
aforementioned Merck/Schering and Abbott/Astra Zeneca
partnerships. The goal is to utilize knowledge of individual
products, create a product that offers synergistic benefits to
patients, and generate new IP for these organizations. As I
have discussed previously (Specialty Pharma magazine,
March/April 2006 and July/August 2006), this is the future.

Q: How important is it for formulators to consider drug
delivery earlier in the LCM of a drug to extend a patent
in the long run?

RAvI KIRON: This is a key and relevant question that
needs to be addressed by people at all positions and levels of the
R&D Value Chain generation process. The value proposition for
drug delivery, although accepted by most in theory and
principle, is still not yet embraced by the decision-makers and
the rainmakers of pharma drug discovery and development.

Drug Delivery should not be viewed as a rescue mission
for candidates that have fallen by the wayside in the R&D
process. Instead, if true partnership is established at the early
stages of the R&D process, then the opportunity exists to
improve the R&D pipeline on a number of fronts, including
the following:

» Designing potent drugs that are more effective in addressing
the therapeutic need.

» Ensuring proof-of-concept in early stages of the clinical
evaluation, hence potential for the drug to actually be
launched in the marketplace.

* More effective targeting by drug delivery reduces the
potential for adverse events or side effects.

» Risk profile is reduced, therapeutic applicability enhanced,
and cost to some extent also made more affordable because
more numbers of drug candidates launched in the market
results in competition.

All this would result in extending the revenue generation for a
patented product to a longer timeline, ultimately benefiting the
company and the industry.
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JACK AURORA: Drug delivery is the backbone of the
developed medicine. We can have a clinically effective and
potent medicine discovered, but if the delivery system is not
well understood and designed around the developed drug,
failures will result in meeting expectations and declining
profits. In addition, the extension of patent life is another
important requirement for the company business and growth.
This attribute will also require identification of the best
delivery system, such as to extend, delay, or a combination of
both, and/or alter the route of delivery to the target site of
absorption. Moreover, time is of the essence here, and one
should plan and start pooling ideas and having brainstorming
sessions during the early phases of drug development rather
than losing time later and compromising with the expectations
and deliverables. Therefore, a formulator should review the
therapeutic and physico-chemical attributes of the discovered
drug (as being developed) at an early stage and arrive at the
best delivery system for the desired stability and clinical
efficiency. The strategy identified can always be modified at a
later date, if required, due to newer facts and clinical
attributes explored and identified.

JAY TRIVEDI: Ravi and Jack have put it well. Twenty
years ago, not much attention was given to drug delivery. Now,
companies are thinking ahead to various delivery technologies
and routes. Again, LCM should be considered as a Portfolio
Value Optimization at the time of product launch. It will
require Marketing Managers to change their thinking from a
short-term strategy (launch and market share, etc) to a more
comprehensive optimization strategy and having a dialogue
with relevant partners (eg, formulators, etc) prior to launch.

DANIEL RUPPAR: This can be very important in the
maximization of a product’s potential, be it therapeutically, or
from the standpoint of revenues gained by the company. New
versions that can expand the IP run are good for the industry;
however, maximizing the effectiveness of a product through
the exploration of drug delivery technologies is something
that really can benefit patients through the marketing of
potentially more effective drugs. As the Pharma industry is in
the business of treating and curing disease, companies should
really want to explore these options as early as possible in the
development process.
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Gerresheimer Group/Biinder Glas —
Set for Faster Growth With RTF" Sterile Syringes

By: H. Burkhard Lingenberg

INTRODUCTION

As a specialist in packaging and
systems for pharmaceutics, the
Gerresheimer Group established itself as a
leading player in the world market a
considerable time ago. With high-quality
tubular and molded glass in every possible
variant, it leads the field in America (with
Kimble Inc.) and Europe and is currently
making moves to become the largest pharma
glass manufacturer in China as well. In
parallel, this innovative and expanding
Group, which manufactures in 21 locations
around the world, is one of the top addresses
for pharmaceutical plastic. It is also setting a
breathtaking tempo in another field that
represents one of the most important growth
markets for drug delivery, namely the
development and production of prefillable
injection systems. Particularly in the
exclusive segment of sterile all-glass
syringes, Gerresheimer, with its German
competence center Biinder Glas, today
enjoys international recognition as a
technology leader and is opening up for the
pharmaceutical industry, including the
industry in the US, highly attractive new
dimensions for intelligent system
partnership. The following article examines
the background.

To date, the production lines of Biinder
Glas have been turning out 100 million
RTEF" syringes a year, but from 2007, the
figure will more than double. Gerresheimer
is currently further expanding production of
the high-caliber sterile systems, and there is
no need to worry whether they will sell.
Biinder Glas has never had any doubt about
the success of its Ready-to-Fill concept.
That part of the business is now actually
growing faster than expected, and in all five
continents of the world.

PRODUCT RANGE

Sterile syringes are by no means the
only product category of Biinder Glas and
in volume terms, not the largest. The
Gerresheimer Business Unit, which
concentrates primarily on glass-based
Pharma systems, still sells the bulk of its
syringes unsterilized. Each year, it delivers
more than 200 million of these to the
pharmaceutical industry, with very
gratifying growth rates. In addition, there
are system components for the injection,
particularly matched cartridges. The glass
range is complemented by plastic syringes
characterized by extremely high barrier
characteristics.

THE READY-TO-FILL CONCEPT
IS SET FOR GROWTH

Even years after its launch, Ready-to-
Fill is still proving to be a formidable
growth generator with steadily increasing
acceleration. For us, it is beyond question
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that the relationship between sterile and
non-sterile syringe deliveries will be
reversed in a relatively short time. The
advantages of sterile syringes and
particularly of a sophisticated partnership
strategy are simply overwhelming. The
complete systems do indeed represent more
than just an advanced product group: they
have pioneered the way for focus to be
placed on the innovation potential of
suppliers more strongly than ever before.
Collaboration between the pharmaceutical
industry and system manufacturers, from
drug development right through to delivery,
has now reached a new level.

THE READY-TO-FILL CONCEPT:
HOW IT WORKS

First, in the filling process, Ready-to-
Fill allows for considerable slimming of
operations. From washing of unsterilized
syringes through to their siliconization,
assembly, and final sterilization, there is a
long and technically time-consuming

FIGURE 1
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process chain which, in terms of drug
production, is a foreign body: indispensable and
by nature characterized by the highest possible
quality requirements, yet not necessarily
inextricable from the drug manufacturing
process. Syringes are after all supplied from the
outside. On delivery, sterile syringes have the
entire procedure behind them. Established
pharmaceutical manufacturers are increasingly
making the change, and new entrants are able to
plan on leaner production right from the start.
On the supplier side, the need on the
pharma industry side for Ready-to-Fill
syringes has created a more lasting change in
the market. Around the world, only a very few
system manufacturers are so far able to prepare
syringes fully and in accordance with all the
pharmaceutical regulations, and one of them is
Biinder Glas. The pace of development is that
this area is now moving at a speed and
technical level hard to keep up with. There can
be no doubt about how important it was to
recognize at an early stage the opportunities
offered by this concept, to believe in it, and
consistently press ahead with its realization.

UNIQUE TECHNOLOGY CENTER

At a substantial investment cost, the
parent company built a development and
production center for its highly innovative
systems subsidiary several years ago. From the
start, this was designed for expansion.
Technologically, it still enjoys a worldwide
reputation as an exemplary facility. Prestigious
special manufacturers were commissioned by
Gerresheimer to design the delicate equipment
for this development, contributing a wealth of
their own ideas. With state-of-the-art ultra-pure
water preparation and clean-room systems in
class C, it is fundamentally compliant with
pharmaceutical standards and precisely
matched to the needs of pharmaceutical and
biotech customers. The facility employs an
experienced team with a penchant for tailor-
made technologies.

DEVICES

ADVANCED
SURFACE
TREATMENT
TECHNOLOGY

Clearly, such
technologies reliably
keep the products of this
high-tech center at a
very advanced level. A
widely varied range of
options for individual
design and, for example,
color-coding warrant
mention in passing, but
the critical strengths of
the company lie in fine
attunement of the
syringe to the
medication. To achieve
this, Biinder Glas has at
its disposal not only
processes, such as spray
siliconization as largely
preferred in the pharma
industry, but also baked-on siliconization, by
means of which a particularly stable yet highly
slide-conducive coating can be applied inside
the syringe. This alternative is increasingly in
demand, especially for the large group of
sensitive biopharmaceutical injection
preparations. A completely different process
also tailored to very sensitive ingredients
permits additional advance neutralization of the
glass with ammonium sulphate. This allows for
increased hydrolytic resistance of even Type 1
borosilicate tubular glass (known as neutral
glass), which is generally used for syringes.

WIDE RANGE OF INNOVATIVE
SYRINGE ACCESSORIES

As a complete supplier, the company also
offers accessories. In this area as well, the
development successes are impressive. Just a
few months ago, the Gerresheimer Unit
launched four newly developed and in part
unique complementary components that
immediately proved to be significant in the

FIGURE 2

widely diversified product range. So it appears
that the syringe family has managed to make

RTEF" even more attractive for doctors and
patients in particular through the tangible
improvement in comfort and safety.

With regard to delivery comfort, the
dimensions and design of the needle play a key
role. Together with Japanese partners, Biinder
Glas has developed precision needles that slide
almost painlessly through the skin, due in
particular to exceptionally fine walls and long-
ground points, but also to a specially
developed process that permanently anchors
the silicone coat to the metal. No less
important is protection against deformation
before use. With the Rigid Needle Shield
(RNS), a dual-component casting combining
soft elastomer on the inside and hard elastomer
as an exterior shell, the syringe experts have
achieved effective protection of the needle
from the users and protection of the users from
the needle, thus alleviating the widespread
problem of injuries through new or (with often
more serious effects) used needles.
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FIGURE 3
RTF® Tub

Another system accessory, the Backstop,
is also targeted precisely at difficulties
frequently experienced in the medical practice
and by self-injecting patients. This gives a
better grip when applying pressure on the
plunger, a particular benefit for patients with
limited dexterity. It also prevents slip-ups
while dissolving dried medications because
the plunger is prevented from slipping out of
the syringe as water is drawn in. With the
Tamper Evident Luerlock Closure (TELC),
Biinder Glas developers succeeded in
integrating several functions in a single multi-
component plastic element: the tamper-
evident closure, the syringe closure, and the

DEVIICIES

needle adapter. So any pharma
manufacturer can use the system
accessory immediately without the need
for separate registrations. Biinder Glas
ensures that familiar materials are used,
but if clients prefer, it can insert
precisely the same pharmaceutical
rubber as the one they otherwise use.

INTERDISCIPLINARY
EXCHANGES AT
MAJOR VENUES

As a new product, the innovative
sterile syringe is of interest to
pharmaceutical and medical
practitioners alike and is now a subject
of increasing focus in forums of specific
professional discussion. When the
European branch of the Parenteral Drug
Association (PDA) extended an invitation
to such an event in Hanover 2 years ago
and then late last year to Munich,
Germany, Biinder Glas was among the
initiators. The title of these international
events was The Universe of Pre-Filled
Syringes. The next series is coming up in
Maryland this October in the Hyatt Regency
Hotel Bethesda and bears the extended title of
The Universe of Pre-Filled Syringes &
Injection Devices. Biinder Glas will again
have a key role in organizing this

FIGURE 4

RTF® Processing Takes Place Under Clean-Room Conditions
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FIGURE 5

RTF® Syringe Accessories: Nested Stoppers

FIGURE 6

RTF® Syringe Accessories: Bagged Stoppers

PDA symposium. Registration is possible on
www.pda.org.

The Group sees its lecture work as a
service and part of the constructive
professional communication process. It is a key
element of its philosophy that focuses generally
on partnership-based thinking and know-how
transfer — in the interest of openness in the
profession as a whole, but particularly in direct
customer relations.

THE PARTNERSHIP STRATEGY

Relationships are becoming closer and
closer. In addition to pure supply commissions,
customer-specific development work takes
place, often including an extensive system
partnership. In many cases, this starts in the
early stages of drug development — for
example with consideration of the basic
delivery form of the relevant medication. All
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FIGURE 7

the involved disciplines come together to

examine the possibilities and limits for
individual approaches and focus on the ideal
solution from a wide range of viewpoints. This
is without doubt the fastest way to achieve

optimum drug delivery, in which the packaging

becomes a really integrated component of the
medication, and the system thus creates a
synergy benefit.

Pharmaceutical companies in the US are
also increasingly taking up the opportunity to
integrate the specific competence of
Gerresheimer systems specialists in their
business concepts. In the local markets,
Biinder Glas works with global Blue-Chip
corporations as well as striving start-up
companies. Many of them operate in the
biotechnology and biopharmacy field in
particular and demonstrate acknowledged
innovative strengths.

As everywhere in the world, the major
manufactures as well as SMEs profit in such
cooperation agreements through the
concentrated expertise in the field of pharma
glass and associated materials, molds, and
special processes — and on the other hand,
through the package of services carefully
designed by Biinder Glas to accompany each
customer over the entire route of a project.

COMPREHENSIVE SERVICE
STANDARDS

These services complement a product
range that is FDA-licensed across the board
and offers as a self-set minimum standard full
compliance with the US, European, and
Japanese pharmacopoeia requirements. In
conformity with this, the Gerresheimer Unit
offers its customers comprehensive technical
documentation, life cycle management, and
last but not least, systematic assistance with
registration. There is no question that these are
also in accordance with international standards
and specially aligned to US requirements, with
the company maintaining its own drug master
files. From this area, the service for customers
extends right through to comprehensive advice
on process technology and logistics optimization.

BUNDER GLAS IN THE US

In Doylestown, Pennsylvania, a small,
highly professional team ensures that this
concept is quickly and smoothly implemented,
especially for American partners. Biinder Glas
officially installed its own US representation

just a few months ago and then quickly
reinforced it in order to ensure greater local
flexibility in terms of direct customer contact
and technical service. Our systems business
in the US is just taking off right now. To
date, RTF" systems for the US account for
20% of the company’s sterile syringe
production. And confidence in the potential
to make further inroads in the land of
unlimited opportunities is certainly not in
short supply in Biinder Glas. 4
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By: Dave A. Miller, Mamoru Fukuda, MPharm; and James W. McGinity, PhD

INTRODUCTION

Chitosan is a linear aminopolysaccharide obtained from
the alkaline deacetylation of chitin. Chitin is the structural
component in exoskeletons of crustaceans and is the second
most abundant polymer found in nature.! Chitosan is both
biocompatible and biodegradable, making it an attractive
material for use in biomedical and drug delivery applications.

The name chitosan encompasses a series of polymers of
varying molecular weights and degrees of deacetylation. The
molecular weight of chitosan and the degree of deacetylation
ranges from 50 to 2000 kDa and 40% to 98%, respectively.?
The physiochemical properties of chitosan are strongly
dependent on molecular weight and degree of deacetylation.
Molecular weight determines the viscosity of chitosan solutions
with higher molecular weights producing greater viscosity. In
drug delivery applications, the molecular weight has been
shown to significantly affect the release of drugs from a
chitosan matrix. Lower molecular weight chitosans have been
shown to promote wetting and dissolution of poorly water-
soluble drugs, while higher molecular weight chitosans have
been shown to retard the release of water-soluble drugs.**

The degree of deacetylation of chitosan dictates its
aqueous solubility. Chitosans with a low degree of
deacetylation (< 40%) are soluble in water up to a pH of 9,
whereas highly deacetylated chitosans (285%) are only soluble
up to a pH of 6.5.° This pH-dependant solubility leads to pH-
dependant hydrogelation of chitosan matrices. In an acidic
environment, the amine groups on chitosan molecules become

protonated and consequently the molecules become densely
positively charged. The high concentration of like-charges
causes molecular repulsion and thereby swelling of a chitosan
matrix. With an increase in pH, the swelling phenomenon is
reversed as amine groups on the molecule become deprotonated
and the repulsive forces are reduced. The addition of salts to
solution also affects the solubility of chitosan. In general, the
higher the ionic strength of solution, the lower the solubility of
chitosan as charges on the polymer are neutralized by
increasing the concentration of the counterion.’ Consequently,
the swelling properties of chitosan are also highly dependant
on the ionic strength of the solution.

The swellability of chitosan is a property that makes the
polymer very attractive for use as a retardant in matrix tablet
formulations. In general, the mechanism of action for a matrix-
forming binder in a tablet formulation begins with the
hydration and swelling of the outer layer of the matrix to form
a pseudo-gel layer.® Over time, the outer edges of the swollen
gel layer erode and simultaneously the polymer layers beneath
the gel begin to swell as the medium further permeates into
the matrix. The dissolution of water-soluble drugs is controlled
by both diffusion through and erosion of the pseudo-gel layer.
Because chitosan is a swellable polymer with properties that
can be tailored by varying the degree of deacetylation and
molecular weight, it has been extensively investigated for use
as a retardant polymer in matrix tablet formulations.
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Some of the earliest work
investigating the use of chitosan for
sustained drug release from matrix
tablets was done by Miyazaki et al and
Sawayanagi et al.”® In these studies,
both researchers demonstrated that
chitosan produced sustained drug
release in acidic conditions; however,
disintegration of the tablets occurred in
water and occurred rapidly in simulated
intestinal fluid of pH 6.8. In a study by
Nigalaye et al, it was seen that when
chitosan was used in a concentration of
more than 50% of the total tablet
weight, an insoluble non-erosion type

matrix was formed in water.’ Tablets
containing 33% chitosan were fast-
releasing, and at a level of 10%,
chitosan functioned as a disintegrant.
These researchers were able to reduce
the quantity of chitosan required for
sustained release to 10% by using citric
acid and carbomer-934 P as acidifying
agents to enhance the gelling properties
of chitosan and reduce the
disintegration of tablets in neutral pH.
Building on the findings of
Nigalaye et al, Adusumilli and Bolton
produced chitosan citrate complexes
that formed viscous gels upon emersion
in water." The complexes were directly
compressible and effective in retarding
the diffusion of theophylline from
matrix tablets in water by the formation

of a viscous hydrogel. Akbuga also
utilized the strategy of a chemically
modifying chitosan to improve the
sustained-release performance from
matrix tablets by using the chitosonium
salt of malic acid, chitosonium malate."
It was demonstrated that chitosonium
malate exhibits far superior sustained-
release properties to chitosan in pH 7.4
buffer as the altered form of chitosan
was able to form a hydrogel at pH 7.4,
whereas chitosan was not. Hence, the
chitosonium malate tablets allowed for
sustained drug release whereas chitosan
tablets simply disintegrated.

An investigation into the effect of
excipients on drug release from
chitosan matrix tablets was conducted
by Kristmundsdottir et al.”” In this
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study, the authors note that tablets
containing chitosan alone exhibited
swelling on the surface in simulated
gastric fluid, yet swelling was reduced
when the tablets were transferred to
simulated intestinal fluid. Consequently,
the dissolution rate of diltiazem was
decreased, indicating that dissolution was
controlled via diffusion through the
hydrated matrix. It was also observed that
interactions between chitosan and various
excipients can be utilized to further
prolong drug release from chitosan-based
matrix tablets.

COMPLEXATION OF CHITOSAN
WITH ANIONIC POLYMERS
PROLONGED SUSTAINED
RELEASE

The work of Tapia et al in their
examination of the influence of media
pH, degree of polymerization, and degree
of matrix swelling on the mechanism of
diltiazem hydrochloride release from
matrices based on mixtures of chitosan
and alginate is a study that represents the
next phase in the utilization of chitosan
as a retardant polymer in matrix tablets in
which anionic polymers were utilized to
form complexes with chitosan to further
prolong drug release.* In this study, the
authors observed rapid drug release at pH
1.17 to 2.21, which was dependant on the
degree of polymerization and quantity of
chitosan in the formulation and related
directly to the degree of matrix swelling.
At pH 5.52 to 8.72, drug release was
slow and controlled by the interpolymeric
complex formed by the ionic interaction
between chitosan and alginate. Similarly,
Hasan et al combined chitosan and
sodium alginate to produce a sustained-
release matrix tablet for metoclopramide
hydrochloride.” The authors were able to
achieve first-order, diffusion-controlled
drug release following a transition from
acidic to neutral pH. In 2005, Tapia et al
again examined the release mechanism of
diltiazem hydrochloride from matrices
based on chitosan in combination with
anionic polymers in their study of
chitosan-alginate and chitosan-carrageenan
matrix tablets." It was determined that the
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Dissolution profiles of diltiazem hydrochloride in various media from tablets containing carrageenan
(CG) and/or chitosan (CS) in various ratios. (a) SGF (b) Water (c) SIF. Each plotted value is the mean
of n=3 and SD is shown as error bar. [Reprinted from reference 15 with permission]
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Influence of the ionic strength on chlorpheniramine maleate release from HME tablets prepared by
formulations 2 and 3 in: (A) 0.1 N HCI, (B) pH 4.0 acetate buffer, and (C) pH 7.4 phosphate buffer (m)
formulation 2, () formulation 2 in media containing 0.4M NaCl, (¢) formulation 3, ({) formulation 3 in
media containing 0.4 M NaCl at 37 + 0.5 °C (USP 27 Apparatus 2, 900 ml, 100 rpm). Each point represents
the mean = S.D., n=3. [Reprinted from reference 17 with permission]

drug release from the chitosan-alginate
matrix is controlled by a combined
mechanism of diffusion and relaxation in
which the medium permeation into the
hydrogel did not damage the microstructure
of the matrix due to its high elastic modulus.
On the other hand, the chitosan-carrageenan
matrix exhibited rapid erosion and tablet
disintegration which occurred due to rapid
medium uptake that fractured the
microstructure of the matrix. It was therefore
concluded that chitosan-alginate matrix tablets
performed better with respect to sustaining drug

release as a result of the robustness of the matrix.

Bani-Jaber and Al-Ghazawi also
investigated chitosan-carrageenan matrix
tablets in their study into the effect of
polymer weight ratio, dissolution medium,
and drug type on drug-release properties."
As can be seen in Figure 1, some ratios of
chitosan and carrageenan showed excellent

sustained release of diltiazem hydrochloride

in comparison to single polymer matrices
in simulated gastric fluid (SGF) and
water; however, no sustained-release affect
was seen from any combinations in
simulated intestinal fluid (SIF). Thus, the
authors concluded that interactions
between the polymers depend entirely on
the ionization of chitosan which is
naturally achieved in simulated gastric
fluid and was achieved in water due to the
decrease in the microenvironmental pH by
the acidic salt of diltiazem hydrochloride.
However, ionization of neither chitosan
nor diltiazem hydrochloride was possible
in simulated intestinal fluid, and therefore,
no sustained-release effect was observed.
With diclofenac sodium, it was shown that
no sustained drug release was achieved
due to the basic nature of the drug salt,
which did not act to ionize chitosan in
water as had the acidic salt of diltiazem
hydrochloride. A similar lack of polymer

interaction was also seen with diclofenac
sodium in simulated intestinal fluid.
Alsarra et al utilized sodium sulfate
to crosslink chitosan by