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36 Exploring the Properties of Gel-Matrix
Technology   
Christopher Adams believes the challenge in recent
years has been to develop polymer systems that not
only provide superior wear properties, but to achieve
this in a manner that can be broadly applied to
multiple compounds.

42 Nanosuspensions as a Drug Delivery
System: A Comprehensive Review  
Tejal Shah, MPharm, Dharmesh Patel, MPharm,
Jayshukh Hirani, MPharm, and Avani F. Amin, PhD,
focus on various manufacturing and formulation
perspectives and applications of nanosuspensions as a
drug delivery system.  

54 Mucoadhesive Buccal Drug Delivery: 
A Review 
Vishnu M. Patel, PhD; Bhupendra G. Prajapati; and
Karshanbhai M. Patel, MPharm; provide an overview
of the oral mucosa and discuss recent literature on
novel mucoadhesive polymers, buccal permeation
enhancement, and protein and peptide delivery.  

62 The Issues & Challenges Involved in In
Vitro Release Testing for Semi-Solid
Formulations 
Qiuxi Fan, PhD; Mark Mitchnick, MD; and Andrew
Loxley, PhD; discuss different IVRT set-ups for
different systems of topical products and respective
release profiles, as well as the challenges involved
and how to solve them.  

67 Oral Drug Delivery Technology –
Delivering on Patient Expectations
Jeffrey H. Worthington, MBA, and David A. Tisi, MS,
explain how properly formulated drug products that
consider the aesthetic dimensions of patient
acceptability will better serve the patient over the
long-term and generate greater sales for the
manufacturer and technology holder alike.

72 Catalent Pharma Solutions: A World
Leading Provider of Advanced Drug
Delivery Technologies & Services
Drug Delivery Executive: David Heyens, Senior Vice
President, Global Sales, Catalent Pharma Solutions,
discusses how Catalent helps companies find
solutions to some of the key challenges facing the
industry today.   

“The proper design of clinical trials 
to study the effectiveness of delivery
devices is complicated and can be
confounded by a number of different
issues, including differences in drugs
used, inappropriate dose administered,
formulation variations between test
groups, number of test subjects, and
the duration of the study. In addition
to functionality, patient compliance
and proper usage are critical for
effective therapy.”
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81 Dow Corning: Going Beyond the Silicone
Molecule 
Drug Delivery Executive: Scott Fuson, Vice President
for Specialty Chemicals, & Global Executive Director
for the Life Sciences Industry for Dow Corning shares
how his company is going beyond silicon-based
technology, where it is the industry leader, to being a
customer-focused partner, innovator, and solutions
provider.

86 Intranasal Insulin - A Potential New
Treatment Modality for Diabetes
Mellitus
Robert M. Stote, MD, and Fred Feldman, PhD, suggest
that with the evident benefits, and if the nasal mode
of insulin delivery ultimately proves to be
commercially effective, it could be a more reliable
method of maintaining glycemic control.

93 Pharmaceuticals in India: A Business &
Regulatory Outlook
Ames Gross, MBA, and John Minot caution that with a
nontransparent regulatory system, fragmented
geographic markets, and much local competition,
India is not a place where easy success can be
expected; however, its burgeoning economy, greater
market openness, and the improved patent regime
have altered the playing field.

100 Kalypsys: Focusing on the Complexities 
of Diseases
Executive Summary: Paul Grint, MD, CMO and Richard
Heyman, PhD, Senior Vice President, Drug Discovery,
Kalypsys, explain how their company is focused on
building value through advancing existing and new
programs and on establishing strategic partnerships.

“For more than 2 decades, the medical

community has been searching for a less-

invasive and patient-friendly method for

treating diabetes. Intranasal delivery of

insulin has the potential for significantly

better patient compliance than a routine

of insulin injections and may facilitate

earlier entry into therapeutic regimens for

patients reluctant to administer insulin by

injection, potentially resulting in delayed

onset of diabetes complications.”

p.86
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Bristol-Myers Squibb to Buy Partner Adnexus Therapeutics for $430 Million 

Bristol-Myers Squibb Company and Adnexus Therapeutics
recently announced the companies have signed a definitive

agreement under which Bristol-Myers Squibb will acquire
privately held Adnexus Therapeutics, developer of a new
therapeutic class of biologics called Adnectins. The acquisition
of Adnexus will help advance Bristol-Myers Squibb's biologics
strategy across multiple therapeutic areas and includes a Phase I
oncology biologic, Angiocept. Adnexus Therapeutics will
become a subsidiary of Bristol-Myers Squibb and remain based
in Waltham, MA. 

Under the terms of the agreement Bristol-Myers Squibb will
acquire all of Adnexus' issued and outstanding shares of capital
stock and stock equivalents in an all-cash transaction for a
gross purchase price of $430 million, with the net purchase
price being $415 million after deducting Adnexus' net cash
balance at closing. In addition, there is an earn-out structure
that could result in Bristol-Myers Squibb paying an additional
amount of approximately $75 million, in three increments of
approximately $25 million each, in the event certain
development and regulatory milestones are achieved. The
closing of the transaction is subject to customary regulatory
approvals. 

Adnectins are a proprietary class of targeted biologics
developed by Adnexus. PROfusion is Adnexus' proprietary
protein design engine, with which trillions of protein variations
can be engineered at one time. Angiocept is an Adnectin
designed to be an anti-angiogenic drug and is currently in
Phase I development. 

"Bringing Adnexus into the Bristol-Myers Squibb family
builds upon a successful and productive collaboration between
the two companies in oncology and is an important step in
accelerating the strategic transformation of our pharmaceutical
business to a biopharma business model," said Jim Cornelius,
CEO, Bristol-Myers Squibb. "Biologics are one cornerstone of
our growth strategy. This investment in biologics discovery
complements our continued investment in a growing biologics
pipeline and portfolio, and will benefit from our expanding
biologics manufacturing capabilities, both at our existing site in
Syracuse, NY, and our future large-scale bulk biologics facility
in Devens, MA." 

"Adnectins and the PROfusion technology are among the

most exciting next-generation biologics platforms currently in
development," said Elliott Sigal, MD, PhD, Executive Vice
President and Chief Scientific Officer, Bristol- Myers Squibb.
"By uniting Adnexus' innovation and discovery expertise with
our internal capabilities in oncology and other therapeutic
areas, we intend to fuel the company's biologic growth strategy
and importantly, deliver innovative new treatment options for
patients." 

"This is an exciting milestone for our scientists, investors,
and company and is a unique opportunity to further accelerate
advancement of Adnectin-based medicines and our lead
product, Angiocept," said John Mendlein, PhD, JD, CEO of
Adnexus. "We are proud to bring the strength of our science,
team, and intellectual property to Bristol-Myers Squibb. We
have enjoyed a highly productive and collaborative relationship
to date, and look forward to helping Bristol-Myers Squibb
advance its innovative pipeline." 

Adnectins are an emerging, proprietary protein therapeutic
class that can be designed to address a broad range of diseases.
They are based on human fibronectin, an extracellular protein
that is naturally abundant in human serum. The intrinsic
properties of an Adnectin align with the properties needed to
make a successful drug, including high potency, specificity,
stability, favorable half-life, and high yield E. coli production.
Adnectins are designed using PROfusion, Adnexus' patented
protein design engine, to achieve high potency and specificity
for a therapeutic target while simultaneously selecting for ideal
pharmaceutical product characteristics. PROfusion enables
Adnexus to screen trillions of unique Adnectins for each drug
discovery program to "redirect" naturally occurring human
fibronectin to act as a protein therapeutic. This greatly
accelerates Adnectin drug discovery and development. 

Adnexus is the exclusive developer of Adnectins. Adnexus
solely owns an Adnectin patent estate containing issued and
pending patent properties to fundamental Adnectin forms.
Because Adnectins have a different origin than antibodies, they
are not bound by traditional antibody patents. In addition,
Adnexus exclusively controls its patented PROfusion protein
design engine. Adnexus has more than 100 issued and pending
patent properties relating to Adnectins and PROfusion. 
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Anesiva Grants Specific-Use License of Its
Needle-Free Technology to Particle
Therapeutics for Diabetes Drug 

Anesiva, Inc. and Particle Therapeutics Limited recently announced they
have entered into an agreement granting Particle Therapeutics a

specific-use license to incorporate Anesiva's drug delivery technology into its
needle-free, intradermal delivery system for glucagon, a hormone commonly
used for the treatment of hypoglycemia associated with type 1 and type 2
diabetes.

"This agreement exemplifies the potential of our technology to transform
the delivery of proteins, peptides, and small molecules in a clinically
meaningful way that is also safer, more comfortable, and more convenient,"
said John P. McLaughlin, Chief Executive Officer of Anesiva. "We intend to
seek other opportunities for licensing this important platform technology."

"Patients experiencing a hypoglycemic condition may lose consciousness,
and if not treated quickly, can suffer short- and long-term cerebral damage,"
remarked Fred Cornhill, Director of Particle Therapeutics. "Current methods
of treating diabetic hypoglycemia require the mixing of glucagon powder
with a sterile saline solution, followed by needle injection. At present, an
estimated 1 to 1.5 million kits with glucagon powder are sold annually in the
US and Europe. Those with type 1 diabetes typically have at least one to
eight such events per year, requiring intervention of another person or
summoning of medical assistance. Type 2, insulin-dependent diabetes
patients have fewer incidents, but with lower glycemic targets, the incidence
of hypoglycemia (requiring third-party intervention) is increasing. Particle
Therapeutics' needle-free device provides a system that can be used quickly
by those without special training and without the problems associated with
needles."

Under the terms of the license agreement, Anesiva will receive an
undisclosed up-front payment, along with milestone payments for certain key
clinical and regulatory achievements, royalties on future sales, as well as
royalties on revenues from any future sub-licensing of the technology by
Particle Therapeutics.

Anesiva owns intellectual property covering the delivery of solid particles
of proteins, peptides, and small molecules (other than vaccines) into the skin
at high velocity by pressurized gases. The technology aims to provide
subcutaneous and systemic delivery of drugs without the pain and
inconvenience associated with injections and needles. With Anesiva's drug
delivery technology, patients may benefit from better control of their disease,
reduced dosing schedules, and less pain compared to the administration of
drugs with needles. Anesiva is utilizing this technology in its recently FDA-
approved product Zingo (lidocaine hydrochloride monohydrate) powder
intradermal injection system (0.5 mg) for the rapid needle-free local delivery
of lidocaine to reduce pain associated with venous access procedures.

Anesiva, Inc., based in South San Francisco, CA, is a late-stage
biopharmaceutical company that seeks to be the leader in the development
and commercialization of novel therapeutic treatments for pain. The company
has one approved product and one drug candidate in development for
multiple pain-related indications. This past August, the FDA approved
Anesiva's first product Zingo. The second product in the portfolio, Adlea
(formerly 4975), has been shown to reduce pain after only a single
administration for weeks to months in multiple settings in numerous mid-
stage clinical trials for site-specific, moderate-to-severe pain. 



BDSI Exercises Option to Acquire US BEMATM Rights From QLT USA; 
Receives $30-Million Upfront Payment Under Commercialization Agreement
With Meda AB

BioDelivery Sciences International, Inc. (BDSI) has exercised its
option to acquire the US rights to the BEMA drug delivery

technology that BDSI licensed from QLT USA, Inc. The acquisition
gives BDSI full ownership of the BEMA technology and eliminates
any payment of royalties to or the sharing of milestone payments with
QLT USA going forward for any BEMA product. More specifically,
now that the technology has been purchased, BDSI is not required to
share the upfront payment, or any future financial benefit it expects to
receive from the partnership agreement signed with Meda AB
involving BEMA Fentanyl.

This acquisition was undertaken concurrently with BDSI's entry
into a license and supply agreement with Meda AB for the
commercialization rights to BDSI's BEMA Fentanyl product in the
US, Canada, and Mexico. BDSI anticipates a $30-million non-
refundable upfront milestone payment from Meda upon the approval
of the required Hart Scott Rodino (HSR) antitrust review.

To acquire the U.S. rights to the BEMA technology, BDSI paid
QLT $3 million at the closing of the acquisition and has issued a
promissory note in the amount of $4 million. The note is payable to
QLT in two future $2-million installments triggered by the occurrence
of specific milestones, including the NDA approval of BDSI's first
BEMA product. BDSI financed the initial $3-million payment with a
short-term bank note and expects to repay the note with a portion of
the $30-million milestone payment it expects to receive from Meda
upon the conclusion of the HSR review period. This is anticipated to
occur in October 2007.

"We are pleased to have been able to take full ownership of this

technology, which plays such a significant strategic role to our
company," said Mark Sirgo, BDSI President and CEO. "We are
following through on our strategic plan, initiated last year, when we
acquired the non-US BEMA assets. This acquisition was integral to
consummating our licensing agreement with Meda. By doing so, QLT
is eliminated from receiving any future milestone or royalty payments
on BEMA Fentanyl or any BEMA product. This brings a tremendous
benefit to our stockholders."

BEMA Fentanyl consists of a small, dissolvable, polymer delivery
system, formulated with the opioid narcotic Fentanyl, for application
to the buccal (inner lining of cheek) membranes. BEMA Fentanyl has
shown in Phase III clinical studies important patient advantages
compared to competing products, especially fewer side effects.

BioDelivery Sciences International, Inc. is a specialty
pharmaceutical company focused on developing innovative products
to treat acute conditions such as pain. The company utilizes its owned
and licensed patented drug delivery technologies to develop, partner,
and commercialize, clinically significant new products using proven
therapeutics. BDSI's pain franchise currently consists of two products
in development utilizing the company's patented BEMA oral adhesive
disc technology: BEMA Fentanyl, a treatment for "breakthrough"
cancer pain, and BEMA LA, a second analgesic with a target
indication of the treatment of moderate-to-severe pain. The company
is also working with both its BEMA technology and its patented
Bioral nanocochleate technology on products targeted at other acute
treatment opportunities, such as insomnia, nausea and vomiting, and
infections.
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Adams Respiratory Therapeutics & Lipocine Enter Into License &
Collaboration Agreement

Adams Respiratory Therapeutics, Inc. and Lipocine Inc., a

privately held, leading drug delivery company that uses

clinically validated proprietary technologies to address key unmet

drug delivery and therapeutics needs, recently announced they

have entered into a license and collaboration agreement to develop

new prescription adult cough products. 

“This collaboration with Lipocine provides Adams with access

to an additional proprietary platform technology and fits with our

strategy of taking established compounds and adding increased

functionality to create patent-protected, value-added products, said

Adams’ COO Robert D. Casale. “The products developed through

this collaboration could offer doctors a non-narcotic prescribing

option to treat cough with an enhanced dosing regimen. In

addition, these products will help Adams compete in the $1.1-

billion prescription cough and cold market in the United States.” 

“Given the large and growing size of the respiratory market, and

how patients can benefit from enhanced dosage forms and

regimens, we are very pleased to partner with Adams, a company

highly respected for its commercialization accomplishments,”

added Dr. Mahesh Patel, President and CEO of Lipocine Inc. 

Lip’ralTM and Lip’ralTM-SSR are clinically proven oral delivery

technologies for water-insoluble drugs that improve absorption and

can be extended to enable controlled release of insoluble drugs and

drugs with pH-sensitive solubility. Multiple patents have been

issued and are pending on these proprietary technologies. 

Under the terms of the agreement, Adams receives an exclusive,

royalty-bearing license from Lipocine to develop and market

multiple prescription adult cough products in North America.

Lipocine is responsible for completing the product development

work and will be eligible to receive reimbursements and payments

in exchange for completing certain pre-defined development

milestones. Adams will be responsible for performing all aspects

of clinical development, regulatory submission, manufacture, and

commercial operations. Financial terms of the deal are not being

disclosed. Adams reconfirms that it expects diluted earnings per

share in fiscal 2008 to be in the range of $1.55 to $1.75, as

previously disclosed in an August 21, 2007, press release. 

Adams is a specialty pharmaceutical company focused on the

late-stage development, commercialization, and marketing of OTC

and prescription pharmaceuticals for the treatment of respiratory

disorders. 

Lipocine Inc. is a pharmaceutical company leveraging its

proprietary drug delivery technologies to commercialize innovative

pharmaceutical products. Lipocine business objectives are to

develop products with established drugs that have patient-friendly

attributes, such as faster absorption, lower dose, fewer side effects,

less frequent dosing, and no food effect.





Northern Lipids Inc. (NLI) recently announced it has
completed the renovation and build-out of its new Burnaby

facility. Located only minutes from Vancouver airport, just off
Boundary Road in South Burnaby, the building is designed to
support preclinical development of pharmaceutical products, and
houses a facility that is suitable for the manufacture of sterile
drug products for clinical trials. 

Recognizing a need to expand its operations, NLI purchased the
Burnaby facility in June 2006. The building had previously been
occupied by two local biotechnology companies, Response
Biomedical and ID Biomedical. 

“Though we were able to keep much of the existing office and
wet-laboratory space, the 15-year-old building needed a general
face-lift and specific upgrade of selected utilities,” said Dr. Clay
Flowers, NLI Director of Operations. “Renovations also included
the build-out of a dedicated QC laboratory, a room designed for
scale-up of our proprietary manufacturing processes, and most
importantly, the addition of a cleanroom designed for clinical
product manufacture.”

“We are very pleased to have successfully completed the
renovation and expansion,” added Dr. Tom Redelmeier, President
and Chief Executive Officer of NLI. “It has taken a complete

team effort that included not only Chernoff Thompson Architects
and our General Contractor, but included important contributions
from all members of the company. Since 1991, NLI has
successfully grown its Contract Research Operations by listening
to clients, remaining flexible, and expanding our range of services
to meet their growing needs. We believe this investment in
equipment and facilities will help our client’s fast-track their
programs.”

Northern Lipids Inc (NLI) is a Contract Research Organization
(CRO) that provides products and services to biotechnology
companies engaged in the development of pharmaceutical
products. It specializes in providing services to companies that
are actively developing lipid-based (liposome, emulsion, micelle)
drug delivery systems. NLI has experience working with virtually
all classes of pharmaceuticals, ranging from small molecules to
peptides, proteins, DNA, antisense, and siRNA. The company
offers a range of CMC (Chemistry Manufacturing Controls)
related services, including small- and large-scale LIPEX
equipment for preparing liposomes, lead prototype identification,
manufacturing process development & scale-up, analytical
method development & validation, clinical trial manufacturing
under cGMP, and stability programs. 
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Northern Lipids Builds Clinical Manufacturing Facility

Capsugel, a leading global provider of dosage form solutions,
recently announced it will offer its Vcaps HPMC

(hypromellose) capsules for use in dry powder inhalation (DPI)
products worldwide. The announcement follows the successful
conclusion of a license agreement between Capsugel and Teijin
Pharma Limited, part of the Teijin Group of Japan. The agreement
grants Capsugel a license to Teijin’s entire patent portfolio related
to the use of HPMC capsules for inhalation products.

“We are extremely pleased with this agreement as it allows us to
offer our innovative HPMC capsules in new therapeutic areas and
new geographic markets,” said Guido Driesen, President of
Capsugel. “It supports our strategy to offer a wider range of drug
delivery solutions to our customers around the world.”

Inhalation drug delivery technology offers benefits to patients
beyond the traditional treatments for asthma and chronic
obstructive pulmonary disorder. The technology holds promise for
systemic inhalation therapies that improve speed-of-onset of action

and provide an alternative to needle injection. DPI devices are one
of the preferred ways to administer these drugs. HPMC-based
capsules have a number of advantages when used in DPI devices,
such as low moisture content and easy piercing of capsules. These
characteristics allow optimal release of the drug formulation from
the capsule. Capsugel’s Vcaps capsules will ensure minimum
powder retention after use. 

As the world’s leading provider of HPMC capsules, Capsugel
focuses on superior quality and process controls, assuring
consistent batch-to-batch performance. A division of Pfizer Inc.,
the company offers a diverse array of products and services and is
at the forefront of drug delivery innovation.  Recent product
launches include the CFS 1200 Liquid Filling and Sealing Machine
and the Xcelodose Precision Powder Micro-filling System. Both
utilize advanced technology that can better enable R&D scientists
to accelerate the pace of drug development.

Capsugel Announces License Agreement With Teijin Pharma to Offer
Vcaps® HPMC Capsules for Dry Powder Inhalation
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Akela Pharma Announces Positive Results for the Extension Part of its Phase
IIb Fentanyl Taifun® Trial

Akela Pharma Inc., a drug development company focused on

developing therapies for the inhalation, pain, and CNS

markets, recently announced positive results from the double-blind

extension part of its Fentanyl Taifun Phase IIb trial. The results

demonstrated statistically significant differences compared to

placebo in the measured primary and secondary efficacy variables

resulting in faster and superior pain relief. Fentanyl Taifun is a

fast-acting Fentanyl formulation delivered using the company’s

Taifun dry powder inhaler platform. 

A total of 50 patients were randomized and started the

extension part of the study. In the Intent-To-Treat (ITT)

population, the median time to significant pain relief in the

Fentanyl Taifun group as measured by a decrease of at least 2

points on the numerical pain scale (NPS) was 5.2 minutes, which

was statistically significantly faster when compared to placebo

(P = 0.007). The mean difference in sum of pain intensity

difference (SPID) was also statistically significantly in favor of

Fentanyl Taifun for the whole 60-min pain episode (P = 0.050).

This was already seen in numerical pain scale scores up to 15

minutes (P = 0.008) when compared to placebo. 

“We are extremely satisfied to have demonstrated beyond

doubt the faster and superior pain relief provided by Fentanyl

Taifun to patients. The additional knowledge and data

accumulated during this clinical trial, as well as the positive

feedback by the authorities during the recent End-of-Phase II

meetings makes us confident when preparing our Phase III study

protocols,” said Dr. Halvor Jaeger, CEO of Akela.

Phase IIb for Fentanyl Taifun was a multi-center, multinational

clinical trial in cancer patients with severe persistent pain on

maintenance opioid therapy. The first part of the trial was a

single-arm, open-label dose titration to evaluate the effective

individual dose for significant pain relief with Fentanyl Taifun in

the treatment of breakthrough cancer pain. The second part

included responders from the open-label part randomized to

receive the titrated doses or placebo.

Chronic pain associated with advanced cancer is commonly

treated with strong opioid analgesics, such as Fentanyl.

Breakthrough pain episodes are sudden and intense flares of pain

that “break through” a long-acting continuous treatment, such as

a transdermal patch or a slow-release tablet. Breakthrough pain

episodes are common in cancer patients, often occurring several

times a day.



Glatt Pharmaceutical Services Inaugurates New Solid Dosage Facility

On September 19, Glatt Pharmaceutical Services, a division
of Glatt Air Techniques, Inc., hosted an Open House with

over 350 pharmaceutical industry representatives and other
guest at their facility in Ramsey, NJ, to celebrate the
inauguration of its New Solid Dosage Facility. The event was
part of a week-long set of activities that included a symposium
on Industry Trends in Controlled Release Pharmaceutical
Dosage Form Development. The symposium speaker roster was
a collection of thought leaders who provided their insight on a
wide variety of subjects related to controlled-release dosage
forms. The Open House activities included a keynote address
by Mark McClellan, MD, former Commissioner, US FDA. Dr.
McClellan discussed how pharmaceutical manufacturing can
impact the improvement of healthcare in the US.

As part of the inauguration event, the guests toured the new
and enhance facility, which concentrates on complex
controlled-release pharmaceutical product research &
development and manufacturing. The investment in the new
solid dosage facility focused on expanded capabilities in the
area of Glatt’s Wurster HSTM coating and drug layering systems,
fluid bed and high shear granulation, fluid bed drying,

blending, tablet compression, encapsulation, perforated pan
coating, Glatt’s proprietary CPSTM pellet system, organic solvent
coating capability, and controlled substance handling at
increasing capacities.

“We were both honored and privileged to host the over 350
pharmaceutical industry contemporaries who chose to join us
during this exciting facility inauguration. With our new state-of-
the-art solid dosage plant, coupled with our ever-expanding
depth of knowledge and talent, Glatt Pharmaceutical Services is
poised to assure our continued commitment to the unrivaled
development and manufacturing of the most challenging
modified and immediate-release products,” said Mr. Oliver
Mueller, Executive Vice President of Glatt Pharmaceutical
Services.

During the Open House, guests had the opportunity to speak
with Glatt management, scientists, and engineers about the
variety of product development and manufacturing services
offered, as well as details about Glatt equipment design and
functionality and the turnkey engineering services provided by
Glatt in the completion of the new facility.Dr
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Catalent Upgrades
Clinical Supply Facility in
the UK to Meet Increased
Customer Demand

Catalent Pharma Solutions, a leading
provider of outsourced clinical and

commercial packaging services to the global
pharmaceutical and biotechnology industry,
recently announced it is expanding its
temperature-controlled warehouse in Bolton,
UK, to meet increased customer demand for
clinical supply services, especially cold-chain
storage and distribution. This expansion
involves a purpose-built extension of the
existing facility and is expected to be
operational in June 2008. With a floor space
of over 7,500 sq. ft. (700 sq. m.) and over
2,700 controlled ambient storage locations,
the new temperature-controlled warehouse
will also house a 320-pallet refrigerator. This
development comes soon after two already
completed expansions at Catalent’s other
clinical supply facilities in Europe
(Schorndorf, Germany) and the US
(Philadelphia). Through these expansions,
Catalent has enhanced capability to support
global projects requiring cold-chain storage
and distribution of clinical materials.  

“Customers are increasingly outsourcing
clinical development, especially cold-chain
distribution,” explained Frank Lis, VP &
General Manager of Global Clinical Supplies.
“By continuing to expand our global clinical
supply service facilities, we are able to better
serve our expanding customer base throughout
the world. Catalent is dedicated to providing
its pharmaceutical and biotechnology
customers access to a comprehensive world-
class clinical supply network.”

Flamel Technologies
Announces Medusa®

License Agreement With
Wyeth Pharmaceuticals

Flamel Technologies recently announced it has entered into a
development and license agreement with Wyeth

Pharmaceuticals, a division of Wyeth. The agreement is for the
development and licensing of a marketed protein to be delivered
using Flamel's Medusa technology. Flamel will receive an up-
front payment and potential development fees, milestones, and
royalty payments, the terms of which are not disclosed. 

"We are pleased to announce this license agreement with
Wyeth Pharmaceuticals," said Stephen H. Willard, Flamel's CEO.
"As with the four previous Medusa relationships that we have
entered into this year, this agreement concerns our new uniform
polymer, which is applicable to a wide variety of proteins and
peptides. This new relationship contributes to our goal of
building a diverse set of relationships for our Medusa platform,

which we expect will continue to grow. We are pleased that
Wyeth has chosen to license our Medusa technology and are
looking forward to working in the development of this exciting
opportunity." 

Flamel Technologies, S.A. is a biopharmaceutical company
principally engaged in the development of two unique polymer-
based delivery technologies for medical applications. Flamel's
Medusa technology is designed to deliver controlled-release
formulations of therapeutic proteins and peptides and other
molecules, without reduction in bioactivity. Micropump is a
controlled-release and taste-masking technology for the oral
administration of small molecule drugs; it is the intellectual
platform licensed by GlaxoSmithKline for Coreg CR.
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A Review of Development & Design Technology for 
Next-Generation Dry Powder Inhalers 
By: James C. DiNunzio, MS; James W. McGinity, PhD; and Robert O.Williams III, PhD

DD
ry powder inhalers are different

from other forms of pulmonary

delivery systems in that the drug

or drug:carrier formulation is delivered as a

dry solid particle to the patient utilizing the

individual’s respiration. For many years, the

dry powder inhaler (DPI) has been the

second choice to the pressurized metered

dose inhaler (pMDI); however, due to the

changing technological and political

climate, DPIs are experiencing a

resurgence. In 1987, the US signed the

Montreal Protocol, limiting the use of

CFCs and helping increase the

development of other pulmonary delivery

methods, including the DPI and pMDI

systems based on hydrofloroalkane (HFA).1

Other initiatives, such as the Kyoto

Protocol, not formally signed by the US,

seek to further limit the use of ozone-

depleting materials, placing the continued

use of these propellants into question.1

Further interest in the DPI platform

systems has grown recently, spurred by

these legal requirements as well as the

benefits offered by this technology,

including improved ease of use by not

requiring precise timing of actuation and

inhalation; the ability to provide a platform

for combination products; the avoidance of

first-pass metabolism by pulmonary

administration; the potential for delivery of

sensitive compounds, such as proteins; and

the generally accepted benefits of

pulmonary administration for delivery of

localized therapy.2

Due to this increase in product and

platform development, the Food and Drug

Administration (FDA) issued the Draft

Guidance for Industry – Metered Dose

Inhaler (MDI) and Dry Powder Inhaler

(DPI) Drug Products: Chemistry,

Manufacturing, Controls and

Documentation in 1998, which identified

DPIs as unique combinations of drug

substance and delivery device.3 The

guidance also detailed guidelines for the

development and testing of these devices. 

The ability of a delivery system to

provide good deposition in the lungs is

dependent on the formulation, the device,

the user, and the corresponding

interactions. In recent years, numerous

studies have been conducted to address

these issues by developing novel

formulations and new delivery devices to

allow for improved use, increased patient

compliance, and enhanced therapy. This

article provides a summary of current

developments in the DPI field by

describing current research in powder

formulation and device design, while

detailing examples of DPI systems

currently under development utilizing these

technologies.

POWDER FORMULATION DESIGN

When a DPI is used, the powder dose

transfers through the device, where the

drug or primary particles of drug and

excipient are separated from the carrier,

and the dose is delivered to the patient’s

lungs. In these systems, the physical

properties of the drug, such as particle size,

particle shape, particle morphology, surface

charge, hygroscopicity, flow, dispersion,

and dissolution can significantly influence

the performance of the system.4

Additionally, most dry powder systems

have heterogeneous formulations composed

of drug substance adhered to the surface of

larger carrier particles due to electrostatic

and/or van der Waals forces. Figure 1

shows an example of such a system, with

the larger lactose carrier particles coated in

a layer of smaller nedocromil sodium

trihydrate particles. As a result of the

complicated particle interactions involved,

interfacial properties, such as adhesion and

cohesion, significantly influence

performance.5 Addressing these issues is of

paramount concern in the formulation

development of new DPI systems.

F I G U R E  1

Images of Lactose Carrier Systems  
(reprinted with permission from reference 6)

           





Upon administration to the lung, particles

deposit primarily due to impaction and

sedimentation driven by the mass and

geometric properties of the material. Primary

particle size, or more specifically, the

aerodynamic diameter, influences the extent of

lung deposition. Generally, particles having

aerodynamic diameters between 1 and 5

microns have been shown to deposit

effectively in the lower airways and deep

lung.7 For production of primary particles

within these size ranges, technologies, such as

controlled crystallization, spray drying,

supercritical fluid processing, spray-freeze

drying, and milling, have been used

successfully, each of which provide particles

of varying densities and morphologies.8-12

Following primary particle manufacturing, the

material is typically processed for

incorporation with a carrier using ordered

mixing or triboelectrification. These

techniques do have their limitations however,

particularly when one or more of the

components contains an amorphous fraction

or when the drug:carrier ratio is low, generally

less than 0.5% drug. Several suspension

techniques have also been recently developed

by companies including Astra and Leiras Oy

to produce homogeneous drug:carrier

mixtures at low concentrations without

disturbing the crystallinity of the sample.13,14

To produce ordered mixtures using these

methods, the drug and carrier are dispersed

into an aqueous or organic phase in which the

materials have minimal solubility, the

suspension is mixed for a predetermined

amount of time to evenly distribute the

components of the mixture, and the suspending

phase is removed by drying. The drug:carrier

systems are then incorporated into the DPI

systems for administration to the patient. 

In most dry powder applications, a

carrier is used to function as a bulking agent

to improve dosing, support the micronized

drug substance, and to allow for aerosolization

of the powder before the drug is

deagglomerated from the carrier due to the

forces induced by respiration and device

design. Not only is the aerosolization of the

drug:carrier particle essential for effective

drug delivery, but so is the ability of drug

particle to deagglomerate from the carrier.

Young and co-workers recently studied the

effect of median carrier particle size, fine

carrier particle content, and carrier amorphous

content on the in vitro delivery of nedocromil

sodium trihydrate.6 Lactose monohydrate

samples of various sizes were prepared by ball

milling and stored as needed at elevated

humidity to control crystallization. Blends of

nedocromil sodium trihydrate (5% w/w) and

lactose monohydrate with varying particle

sizes, fine fractions, and amorphous contents

were prepared by geometric dilution in a glass

mortar and pestel, dosed into capsules, and

tested using a CyclohalerTM. The study

demonstrated that the presence of fine carrier

particles up to 15% could improve the fine

particle fraction of drug delivery in vitro and

also suggested that increased amorphous

content could reduce delivery due to increased

drug:carrier interaction.6 The type of carrier

material selected for the formulation was also

shown to significantly influence the

performance. Lactose is the most commonly

used DPI carrier material; however, it is also a

reducing sugar that prevents its use with

certain drugs, such as peptidic drugs.15 A study

conducted by Saint-Lorant and co-workers

evaluated the in vitro performance of

mannitol, maltitol, and lactose as DPI carriers

for two model drugs (terbutaline sulphate and

formoterol fumarate) by twin-stage

impingement to measure aerodynamic

behavior and air-jet sieving analysis to

characterize adhesional forces.15 These results

also showed carrier in the amorphous form

provided the greatest drug:particle adhesion;

however, the magnitude was dependent on the24
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F I G U R E  2

Schematic Diagram of Dry Powder Inhaler Operation  
(reprinted with permission from reference 24)





drug substance used. The incorporation of

additives, such as amino acids, has also been

studied for their deagglomeration effect in DPI

systems. Li and co-workers recently

characterized the fine particle fraction

deposition efficiency of several spray-dried

formulations composed of

lipid/polycation/DNA complexes, lactose, and

varying types of amino acids by use of gene

expression from multi-stage liquid

impingement. Their work demonstrated the

incorporation of arginine, threonine,

phenylalanine, and aspartic acid improved in

vitro deposition without a reduction in gene

expression.16

Studies have also been conducted to

evaluate the effect of other surface properties,

such as roughness and geometry. In a recent

study by El-Sawabi and co-workers, lactose

monohydrate was partially dissolved by

heating a saturated lactose solution to remove

surface roughness. Modified carrier particles

were blended with salbutamol sulphate and

filled into hard gelatin capsules, with in vitro

drug delivery from a Cyclohaler®

characterized using a twin stage impinger. The

results showed that when heated above 30°C,

the saturated solution produced lactose

monohydrate particles with decreased surface

roughness and a corresponding increase in the

fine particle fraction and dose emitted.17

These studies demonstrate the complex

nature of the particle:particle interaction and

highlight the importance of several factors,

including material type, particle morphology,

particle size, and crystal structure, all of which

must be carefully evaluated to develop the

optimum formulation.

In addition to the physico-chemical

properties at the time of manufacturer release,

the device is also required to maintain

appropriate stability of both the

formulation and device performance.3

Zeng and co-workers recently studied

the effects of time and relative humidity

on the in vitro performance of

salbutamol with carriers of lactose,

dextrose, maltose, and sorbitol by laser

diffraction and multistage liquid

impingement.18 Their work showed that

storage under elevated humidity

conditions significantly reduced the fine

particle content for formulations with

dextrose, maltose, and sorbitol due to

surface and particle interface changes

induced by moisture adsorption and

adsorptive capability of the carrier

material.18 The lactose formulations did

not show statistically significant changes

over time; however, the data did exhibit

a general downward trend, suggesting

that although lactose has superior

stability compared to other carriers, its

performance can also be affected by moisture.

The results also showed that samples stored

for 2 years in dessicators did not exhibit

changes in fine particle content, further

demonstrating the importance of minimizing

moisture exposure throughout the shelf-life.

Driven by the emerging possibilities for

localized delivery, protein delivery, and

systemic delivery of poorly water-soluble

compounds, research in the field of DPI

formulation design has rapidly accelerated

throughout the past several years to include

techniques for enhancing bioavailability using

lipid carriers, delivery of nanoparticles, and

delivery of proteins.19-22 Lipid-based carrier

formulations are typically produced using

spray-drying techniques similar to those

described by Sebti and Amighi, in which lipid

carriers and the drug substances are dissolved,

spray dried, and typically milled to control the

Dr
ug

 D
el

iv
er

y 
Te

ch
no

lo
gy

  
 O

ct
ob

er
 2

00
7 

  
Vo

l 7
  

No
 9

26

Product 
Name Drug Substance 

Dose 
Type 

Dose 
Packaging

Indication Company 

SpinhalerTM Sodium Cromoglycate Single Unit Capsule Asthma Sanofi-Aventis 
      

RotahalerTM
Salbutamol & 

Beclometasone 
Dipropionate 

Single Unit Capsule Asthma GlaxoSmithKline 

      
AerohalerTM Ipratropium Bromide 

Multiple 
Unit Dose 

Capsule Asthma Boehringer-Ingelheim 

      TurbuhalerTM Budesonide Multi-Dose Reservoir Asthma AstraZeneca 

      ClickhalerTM Albuterol Multi-Dose Reservoir COPD Innovata Biomed 

      EasyhalerTM Beclomet Multi-Dose Reservoir Asthma Orion Pharma 

      

DiskhalerTM Zanamivir 
Multiple 

Unit Dose 
Blister Influenza GlaxoSmithKline 

      

DiskusTM Fluticasone propionate 
/ Salmeterol 

Multiple 
Unit Dose Blister COPD GlaxoSmithKline 

      
Exubra®  Human Insulin Single Unit Blister Diabetes Pfizer 

      
HandihalerTM Tiotropium Single Unit Capsule COPD Boehringer-Ingelheim 

      
TwisthalerTM Mometasone Furoate Multi-Dose Reservoir Asthma Schering-Plough 

      
TaifunTM Salbutamol Multi-Dose Reservoir Asthma LAB Pharma 

T A B L E  1
Examples of Currently Marketed DPI Products





final particle size. It has been reported,

however, that these post-processing treatments

can result in damage to the lipid structures,

reducing their effectiveness. Recently, Desai

and co-workers developed a novel self-

forming lipid-based system that demonstrated

high dispersibility with fine particle fractions

greater than 50%.20 They also demonstrated

that the technique could be successfully

applied to a variety of compounds, including

proteins. Nanoparticles, inherently smaller

than 1 micron, are inefficiently delivered to

the lung using traditional ordered mixing

techniques due to the small size. Delivery of

nanoparticles, as well as proteins, can be

achieved using similar spray-drying or spray

freeze-drying techniques by incorporation into

a soluble non-interacting carrier and then

spray-dry processing to create particles of 1 to

5 microns.21,22 These particles may be

optionally treated thereafter with a carrier for

use in DPI applications.  

Although several techniques have been

described in detail, the past 5 to 10 years have

seen a rapid development of formulation

technology for dry powder inhalers. For

additional information, the reader is referred

to reviews by Chow, Telko, and Newman.23-25

Ultimately, as formulation technology

continues to develop and the applications for

DPI technology continue to expand, the

pharmaceutical scientist will still be required

to develop systems capable of achieving the

desired therapeutic effect, while maintaining

product stability and dose reproducibility. By

developing an understanding of drug:carrier

interactions, drug substance properties, carrier

properties, and how these properties affect

drug delivery, more efficient DPI systems can

be designed. 

DEVICE DESIGN

The first DPI, the SpinhalerTM, was

introduced in 1967 due to the large dose of

sodium cromoglycate required for treatment,

which could not be accommodated by

pMDIs.26 Since then, device technology has

continued to grow and develop, with a variety

of therapeutic agents currently delivered with

this platform. An abbreviated list of currently

available devices is provided in Table 1. The

basic design of DPIs provide for simpler use

than pMDIs by eliminating coordination of

inspiration and activation; however, the

performance of the device can still be

dependent on the patient’s ability to generate

the required inspiration. The design

and development of DPI devices is

governed by a number of factors that

can impact the effectiveness and

perception of the device, including the

number of doses contained in the

device, difficulty in refilling the

device, the resistance of the device

during inhalation, the device material,

product packaging, and mouthpiece

geometry. By carefully controlling

these design factors, systems can be

developed to minimize formulation-

device interaction, maximize lung

deposition, and improve patient perception

and compliance. 

The majority of DPIs operate by

maintaining the dose, either as a drug or a

drug:carrier system in an individual unit or

bulk reservoir. Prior to inspiration, the device

is primed by pressing (RotahalerTM), sliding

(SpinhalerTM), or rotating (TwisthalerTM) the

dose preparation mechanism to prepare the

dose for fluidization. Upon inhalation, the

powder is fluidized, typically passed through a

screen within the device to prevent large

particles from entering the oropharangeal

cavity, thereafter drug enters the deep lung. A

schematic diagram of this process is provided

in Figure 2. DPIs are currently classified into

two major design types based on the delivery

mechanism: pre-metered and device-metered.3

Pre-metered devices supply the drug product

in individually packaged single doses and are

available in single-use and multi-use designs;

while device-metered units, also referred to as

reservoir units, are generally available in

multi-use designs only.  Single-unit devices,

including the SpinhalerTM, RotahalerTM, and

HandihalerTM, consist of individually measured

doses typically filled into gelatin capsules or

blisters; whereas multi-unit devices, including
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Product 
Name 

Drug Substance 
Inspiratory Flow 

Rate (L/min) 
Deposition Efficiency  

Mean (S.D.) 
    

 )%9.5( 6.92 51
Taifun® Budesonide 

  )%8.5( %3.43 03
    

  )%1.5( %1.12 03
MAGhaler® Salbutamol  

  )%3.4( %4.62 06
    

  %9.91 45
  %52 56Novolizer® Budesonide 
  %1.23 99

    

AIR® Placebo (Gamma 
Scintigraphy)   )%81( %15 83

T A B L E  2
Lung Deposition Efficiency of Selected Second-Generation DPIs35,38-40,43
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the TurbuhalerTM, ClickhalerTM, TwisthalerTM,

EasyhalerTM, CyclohalerTM, and TaifunTM

consist of a reservoir of drug/drug:carrier

powder or a series of individual packaged

units, which are accurately dispensed by the

device prior to use and capable of delivering

multiple doses without the requirement for

refilling. When developing a device, it is

essential to provide the patients with a system

that allows for simple preparation and use.

Many patients, particularly the young and the

elderly, can find inserting single-unit capsules

or blisters and actuation of the dose-priming

mechanism difficult, which can reduce patient

compliance and result in suboptimal therapy.    

In addition to designing the device for

optimum patient comfort, devices are also

designed to ensure maximum lung deposition.

All DPI devices have four major components:

the drug storage system, the air inlet, the

deagglomeration chamber, and the

mouthpiece. The storage system, whether for

a single-dose or multi-dose system, provides

formulation protection against moisture, light,

and oxygen, which can significantly reduce

product performance. The air inlet and source

of the air are also important considerations in

the design of DPIs. The air flow can be

generated by the user’s respiration (passive)

or by a secondary source (active), such as that

used in the Dura Dryhaler® or the AspirairTM

system. The AspirairTM system, recently

described by Tobyn and co-workers, utilizes a

novel vortex separation chamber and

secondary compressed air source triggered by

an airflow sensor to enhance the

deagglomeration of drug particles and

improve deep lung deposition.27 Additionally,

the size of the inlet air flow section

determines the development of the air stream,

which in turn can affect the deagglomeration

of particles. In general, longer air inlets will

produce more developed flow that will

improve deagglomeration.28 Separation of

drug particles from the carrier particles is

essential for good lung deposition, and the

design of the device plays a critical role in

achieving this. DPIs are designed to induce

significant turbulence and particle-particle

collisions to separate drug particles from the

carrier. The cyclone separation system of the

AirmaxTM, described by Zeng and co-workers,

utilized two tangential inlets to induce

cyclonic flow within the system, which in

combination with the unique geometry

resulted in a high degree of turbulence and

particle collisions to produce highly efficient

and reproducible delivery.29 The design of the

mouthpiece and screen are another critical

device property. In work by Coates and co-

workers using both in vitro testing and

computational fluid dynamics, the importance

of mouthpiece geometry, length, and screen

size was demonstrated. Their results showed

that use of cylindrical mouthpiece openings,

reduction of mouthpiece length, and

minimization of the grid voidage all improved

the ability of the modified inhalers to deliver

drug.30,31 Using the principles of device design,

Wang and co-workers recently developed a

single-dose DPI utilizing a using rapid-

prototyping stereolithography technique to

produce a plastic base, which was coated to

improve the interior finish and included a 38-

micron screen. The novel device was shown to

be capable of delivering much higher doses of

budesonide in vitro when compared to

Pulmicort/Turbuhaler®.32

In addition to the general device

concerns, there is also the potential for

formulation device interaction, primarily

triboelectrification of powder that can occur

with DPI systems due to the high particle

surface area and organic nature of the

pharmaceutical powders, which can be

particularly high for systems using individual

capsule shells.33 Telko and co-workers studied

the effect of lactose type, drug load, capsule

fill, capsule material, and inhaler on the

charge magnitude and polarity of DPI

aerosols. Their work demonstrated that the

magnitude and sign of the charge acquired by

the particles was highly dependent on the type

of inhaler, carrier particle size, and type of

capsule shell used, highlighting the

complicated nature of interactions between the

device and the formulation.

Although the design requirements for

DPI devices have not been studied to the same

degree as DPI formulations, there is a clear

need to understand how fundamental design

changes affect the device performance and

formulation: device interactions.  Continued

academic studies with new analysis

techniques, such as computational fluid

dynamics, will help elucidate a more detailed

first principle understanding of the behavior

of aerosols in these systems. By combining

this fundamental knowledge with the use of

F I G U R E  3

Taifun® Inhaler Image
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new technologies for fabrication and design,

the applications for DPI device manufacturing

will continue to expand. 

NEXT-GENERATION 
DPI SYSTEMS

Since the launch of the SpinhalerTM,

numerous DPI systems have been approved by

the FDA for use. These systems have been

studied both in academic and industrial

settings prior to and after launch. The proper

design of clinical trials to study the

effectiveness of delivery devices is

complicated and can be confounded by a

number of different issues, including

differences in drugs used, inappropriate dose

administered, formulation variations between

test groups, number of test subjects, and the

duration of the study.34 In addition to

functionality, patient compliance and proper

usage are critical for effective therapy.

Furthermore, numerous research papers and

review articles have been written discussing

the efficiencies of these systems, and the

reader is referred to a recent article by

Newman for a general overview of the

available DPI platforms and their

performance.25 Given the vast number of

approved devices, with an abbreviated list

presented in Table 1, this section will focus on

four new second-generation DPI systems: the

Taifun®, the MAGhaler®, the Novolizer®, and

the AIR® Pulmonary Delivery System,

highlighting their use of the formulation and

device technologies described previously.  

Taifun®

The Taifun® inhaler is a dry powder

inhaler that has been approved in Europe for

the delivery of salbutamol and is currently

being developed as a platform for the delivery

of fentanyl citrate. The device utilizes a vortex

desegregation chamber, desiccant capsule

based humidity-controlled reservoir system,

and novel wet suspension surface treated

carrier formulation; combining aspects of

both formulation and device design to provide

optimum delivery. The device can carry up to

200 doses of medication, reducing the burden

for cumbersome refilling by the patient. The

device is operated by activating the loading

mechanism to fill the dosing reservoir,

inhaling to draw the dose through the vortex

chamber where drug is separated from the

carrier for delivery to the lungs.  Several

recent studies have shown the device to

function independently of patient inhalation

and provide more efficient lung deposition

than other currently marketed devices.35-37 The

respiration-independent delivery and efficient

lung deposition make the Taifun® an excellent

delivery system for pulmonary applications

with strict dosing requirements, such as

pulmonary delivery of opiods and proteins.

Currently, LAB International is testing the

Taifun® in clinical trials for use in delivering

fentanyl with results of the Phase II clinical

trials showing that the system can be

successfully used to achieve significant pain

relief with rapid onset of action.

MAGhaler®

The MAGhaler®, also known as 

the Jethaler®, was developed by Mundipharma

GmbH and utilizes a novel isostatically

compressed powder ring to ensure accuracy of

the dosing. The novel isostatic compression

technique used for production prevents the

development of a compression gradient and

produces tablets with density variations of less

than 0.01%.38 This ring, composed of drug and

lactose, is scraped by a grinding wheel upon

actuation of the primer mechanism to separate

a predetermined aliquot of powder. After

actuation, the dose is administered to the

patient by inhalation. The dosing dynamics of

this system were recently evaluated in a 10-

patient two-way cross-over study using

radiolabeled powder to assess the lung

deposition.38 The results showed that the

device was capable of delivering drug

effectively at both low and high inhalation

rates with slight increases in efficiency based

on increasing inhalation flow rate. Currently, a

budesonide product using the Jethaler®

delivery system is marketed in Germany by

Ratiopharm.
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Novolizer®

The Novolizer® is another second-

generation DPI system that is currently

marketed in Europe for the delivery of

budesonide by Viatris. The device utilizes a

large powder reservoir to store approximately

200 doses and is prepared by depressing the

priming actuator to meter the individual dose

into the loading channel. The patient then

inhales under moderate device resistance to

generate a flow of 35 to 50 L/min, and the

dose is separated by the cyclonic motion of

the powder to provide efficient delivery to the

lungs.39 The efficiency of this delivery system

was demonstrated in an in vivo study

conducted using g-scintigraphy to assess the

lung deposition. This study showed that the

Novolizer® provided superior lung deposition

compared to the Turbuhaler® at optimally

maximal flows; although the lung deposition

efficiency of the Novolizer® was affected by

the flow rate.40 The Novolizer® was also shown

to significantly reduce the dose variability of

delivered drug and lung deposited drug

compared to the Turbuhaler®. The superiority

of the Novolizer® over the Jethaler® was also

demonstrated in a recent study by De Boer

and co-workers, where it was shown the

Novolizer® generated superior fine particle

fractions compared to the Jethaler®.41

Additionally, several large population clinical

trials have also demonstrated the safety and

effectiveness of this system, indicating the

viability of this delivery platform for future

products.42

AIR® Pulmonary Delivery System

The AIR® Pulmonary Delivery System is

a combination of formulation technology and

device design technology, intended to provide

optimum delivery characteristics. This system,

developed by Alkermes, Inc., utilizes low

density (< 0.4 g/cc) and large geometric

diameter (> 5 microns)

particles composed of drug

contained in a solid lung

surfactant matrix produced

by spray drying to achieve

effective aerodynamic

diameters.43,44 The spray-dried

powders are then dosed into

capsules for use in the DPI.

The design of the DPI is

ingenious in its size and

simplicity, providing the

patient with a portable, easy-

to-use system of about 5

inches in length. The device

is operated by placing the

capsule into the chamber,

compressing the inhaler to

puncture the capsule and

breathing through the mouthpiece to inhale

the dose. Lung deposition studies conducted

with g-scintigraphy by radiolabeling particles

with rhodamine B during spray drying have

demonstrated mean efficiencies of 51% over a

range of inhalation flow rates, and the system

demonstrated the highest lung deposition

efficiency of any of the second-generation

systems summarized in this review (Table 2).43

Additionally, Phase II clinical trial results of

the AIR® system for insulin delivery in

diabetic patients (types I and II) were recently

reported by Alkermes and co-developer Eli

Lilly. The results demonstrated good product

safety, reductions in hemoglobin A1c, and

postprandial blood glucoses similar to

subcutaneous insulin injections.45 Based on

these results, continued development of the

AIR® Pulmonary Delivery System is planned

for use in a variety of treatments.  

SUMMARY

Since the inception of the DPI, the

development of the platform has been driven

by both technological and legislative

requirements. In addition to these

requirements, treatment applications for

pulmonary administration are also rapidly

expanding to include areas such as protein

delivery, opiod delivery, systemic delivery of

poorly water-soluble compounds, and targeted

antibiotic delivery. The requirements for these

new applications, in combination with the

increasing knowledge of DPI formulation and

DPI device design, have allowed for new

systems to be developed that more effectively

deliver drug, provide enhanced patient

compliance, and are capable of supporting a

variety product classifications. As shown in

this article, several second-generation DPI

systems are currently in development, and

their use of formulation and device design

principles have allowed them to surpass

previous systems in terms of efficiency,

simplicity, and applicability. Given the current
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status of pulmonary delivery and the potential

benefits provided by the DPI delivery

platform, development of next-generation

systems will continue for the foreseeable

future with continued interest in providing

enhanced lung deposition, improved ease of

use, and increased scope of application. u
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Exploring the Properties of Gel-Matrix Technology
By: Christopher Adams 

INTRODUCTION

Throughout the years,

transdermal systems have provided an

alternative to conventional dosage

forms, and have proven to be highly

advantageous in a variety of ways.

For patients, perhaps the most

significant is an improvement of the

“therapeutic index” of a compound

while also providing a more

convenient dosing regime. For many

actives, the transdermal route can

provide clear advantages in efficacy,

tolerability, and compliance when

compared to other routes of

administration.   

However, not all transdermal

technologies are equal in their ability

to satisfy patient needs, and the

tolerability of transdermal products

ranges widely. This is becoming

increasingly apparent as more

transdermal products become

available, and patients, doctors, and

regulatory agencies are becoming

more educated about the differences

in performance characteristics of

transdermal systems.

With this in mind, the

development of transdermal

technology with a primary goal of

providing optimal tolerability and

wear properties has become a unique

and yet valuable focus. The challenge

in recent years has been to develop

polymer systems that not only provide

superior wear properties, but to

achieve this in a manner that can be

broadly applied to multiple

compounds.

CONVENTIONAL MATRIX
TECHNOLOGY

Typically, transdermal companies

utilize pressure sensitive adhesives

obtained from well-known polymer

adhesive manufacturers, and

incorporate these polymers into

transdermal formulations. The most

widely used adhesives include those

composed of acrylic, silicone, and

polyisobutylene polymers. While the

physical properties of these types of

adhesives can be modified to some

extent by the addition of various

excipients or other polymers, most

patch makers find themselves limited

by the inherent characteristics of the

polymers.
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In particular, formulators have

identified a need for an adhesive matrix

to provide a more “gentle” experience to

the user, especially upon patch removal.

The challenge for transdermal

formulators has been to develop such a

matrix that is also widely applicable to a

number of compounds, while still

retaining characteristics such as high

delivery rate, high solubility, and low

cold-flow.

GEL-MATRIX PATCH 
TECHNOLOGY

Substantial development work by

transdermal and polymer scientists led

to the development of the Gel-Matrix

adhesive. This adhesive system was

found to have remarkable physical

properties, particularly when applied to

skin, while also having broad

applicability, high-drug loading, and

reduced cold-flow properties. This

adhesive system is composed of an

acrylic-based polymer that is cross-

linked in such a way as to create a net-

like structure that retains its cohesive

strength while maintaining a low

polymer density. The lower polymer

density is achieved by incorporating into

the polymer matrix a liquid component

that can be as high as 60% of the total

matrix weight.   The liquid component

of the system is typically a lipophilic

substance that can also function as a

drug solubilizer or permeation enhancer.

By carefully modulating the polymer

structure, liquid component, and the

degree of cross-linking, an adhesive that

is much “softer” than conventional

adhesives is achieved.  

The high percentage of liquid

component allows the incorporation of

active substances at relatively high

concentrations. The liquid component

may also be modified to accommodate

compounds having different solubility

properties. Interestingly, although the

percentage of liquid in the matrix is

high, the cohesive strength of the matrix

is also high, preventing the phenomenon

of cold-flow, which plagues most

conventional adhesives.

ADHESIVE PROPERTIES

There are several beneficial

characteristics that were discovered

when Gel-Matrix technology was

employed in transdermal formulations.

First, it was noted that these

formulations provide for a much more 
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gentle wear experience when placed on

human skin when compared to traditional

silicone, acrylic, or polyisobutylene

formulations.1-5 Physical testing indicates

that the adhesive reaches its maximum

adhesive force almost immediately after

application, and remains largely

unchanged over time. This results from

the ability of the adhesive to rapidly

conform to the irregular surfaces of the

skin. Because the matrix conforms very

rapidly to the microscopic topography of

the skin, the contact surface area is

maximized, and a high skin adhesive

bond is not required to maintain optimal

wear properties. 

In comparison, traditional adhesives

do not conform as rapidly to the skin

surface, and must compensate for the

lack of surface area contact by adhering

strongly to the surface cells to which

they contact. Generally, these adhesives

have a lower initial adhesive force, and

then adhesion increases significantly as

the polymer conforms itself to the

surface over time or as pressure is

applied.   

These effects can be seen in Figures

1 and 2. Figure 1 shows a graphical

representation of stratum corneum cell

removal that occurs during patch removal

of traditional and Gel-Matrix patches. A

quantitative comparison of surface cell

removal is shown in Figure 2.

IMPROVED TOLERABILITY

In addition to dermal skin stripping

measurements, a measure of tolerability

can be obtained by conducting a

comparative dermal irritancy study. In

one study, patches utilizing Gel-Matrix

adhesive (Frandol® Isosorbide Dinitrate

Transdermal System) were compared to

conventional adhesive patch products

(acrylic-based Isosorbide Dinitrate

Transdermal “product A” and
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commercial Nitroglycerin Transdermal

System “product B”).  In this study, the

patches were worn for 24 hours, and

skin irritancy was measured at 1 hour, 8

hours, and 24 hours post application

(Figure 3). The results of this study

demonstrate a significant reduction in

skin irritancy levels for the Gel-Matrix

adhesive.

APPLICATION TO 
VARIOUS COMPOUNDS: 

IN VITRO TESTING

In the following examples, Gel-

Matrix technology is employed in

conjunction with a range of compounds

that represent very different compound

classes. Lidocaine is selected as an

example of formulations requiring a

high dose and high loading of drug.

Nicotine is selected as an example of a

liquid drug, and Estradiol as a low dose,

poorly soluble drug.  

Formulations
The formulations were developed

employing the Gel-Matrix adhesive with

the three drugs. The liquid component

of the adhesive matrix was optimized

based on the solubility requirements of

the drugs. The adhesive matrix was

produced by conventional liquid mixing

process followed by coating, drying, and

laminating the solvent-based adhesive in

a drying chamber. Patches of the

appropriate sizes were then punched

from the laminate sheets.

In Vitro Permeation Testing
Using Human Epidermis:
Methodology

Permeation tests were conducted

using modified Franz-type diffusion

cells for measurement of diffusion rates

through human epidermis. The donor

compartment volume is 7.5 ml, sample

volume is 0.9 ml, and flux surface area

is 0.712 cm2. A solution of saline and

azide is used as the receiving media.

The epidermis is obtained from

cryopreserved dermis, screened for

integrity, and punched to the appropriate

sizes for mounting on the cells.

Sampling times are selected based on

the duration of the study; for Lidocaine,

a 12-hour duration is used, for Nicotine,

24 hours, and for Estradiol, 72 hours is

used. The samples are taken and

analyzed by HPLC, with drug

concentrations plotted against time per

unit area.

Results
Figures 4, 5, and 6 represent the

permeation rates achieved from patch

formulations of Lidocaine, Nicotine,

and Estradiol, all utilizing the Gel-

Matrix adhesive.  The permeation rates

and profiles achieved resemble those

achieved by commercial products that

employ conventional adhesives, such as

silicone, acrylic, and polyisobutylene.   

The permeation test results indicate

the matrix provides acceptable delivery

rates for a range of different

compounds. Solubility within the matrix

was high, as all formulations were

below their saturation levels. Cold-flow

was not observed, and the physical

properties were characteristic of the

Gel-Matrix adhesive.

CONCLUSION

When compared to conventional

transdermal products, the Gel-Matrix

technology improves patient comfort by

minimizing the disruption of the stratum

corneum during removal. This enhanced

patient experience may be especially

important in managing chronic

conditions in which the patch needs to

be applied to the same area or when

noncompliance with other types of

delivery systems is a significant issue.  

Furthermore, the technology has been

applied to a range of different drug

compounds with good results, indicating

broad utility for development of future

transdermal products. 
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Nanosuspensions as a Drug Delivery System:
A Comprehensive Review
By: Tejal Shah, MPharm, Dharmesh Patel, MPharm, Jayshukh Hirani, MPharm, and Avani F. Amin, MPharm, PhD

INTRODUCTION

The applications of nanotechnology
for drug delivery systems have been
introduced in recent times, and some of
them include use of nanoparticles, solid
lipid nanoparticles, and nanosuspensions.1-3

Nanosuspensions of drugs are colloidal
dispersions of nano-size drug particles
stabilized by surfactants.

Nanosuspensions can be used to
enhance solubility of drugs that are poorly
water soluble and poorly lipid soluble. This
particular advantage makes it a unique
dosage form. It is also a simple strategy that
has various advantages over other
techniques. It provides benefits to BCS
Class II, III, and IV candidates, which
exhibit poor aqueous or lipid solubility and
also for drugs having a log P value greater
than 2.4

Strategies to overcome the solubilization
problems include solubilization using
micelles, complexation using cyclodextrins,
micronization, use of penetration enhancers,
solid and surfactant dispersions, and other
common strategies like liposomes and
microemulsions, which have also been
attempted by researchers.5-9 The present

review mainly focuses on the various
manufacturing and formulation aspects of
nanosuspensions and its applications as a
drug delivery system.

NEED FOR FORMULATING
NANOSUSPENSIONS

Lipidic systems, such as liposomes
and emulsions, can be used for compounds
that are water insoluble and soluble in oil
(with high log P). In contrast, with the
lipidic systems, nanosuspensions can also
be used to formulate compounds that are
insoluble in both water and oil. This is used
when the crystal energy of the compound is
high, which reduces the tendency of the
crystal to dissolve, regardless of the
solvent.10 Nanosuspensions overcome this
problem by obviating the need to dissolve
them and by maintaining the drug in a
preferred crystalline state of size sufficiently
small enough for pharmaceutical
acceptability. In addition, utilization of the
dense, solid state confers an additional
advantage of higher mass-per-volume
loading. This is crucial when high dosing is
required. A related benefit of the high
loading is reduced administration volume,

which is critical for low-volume
intramuscular and ophthalmic
applications.11,12

Conventional approaches often attempt
to solubilize insoluble drugs using an
excessive amount of co-solvents, but this
poses toxicity problems. The need to
administer very large doses of drugs must
then be accomplished without the
interference of toxic side effects caused by
co-solvents.13-14 The aforementioned
drawbacks have driven the development of
nanosuspension technology. The small size
of nanosuspensions helps with injecting
them parenterally, and thus, provides 100%
bioavailability. Nanosuspensions have
revealed their potential to tackle the
problems associated with the delivery of
poorly water-soluble and poorly lipid-
soluble drugs and are unique because of
their simplicity and the advantages they
confer over other strategies. Anti-cancer,
anti-infective, immunosuppressant, anti-
emetic, lipid-lowering agents, anti-
asthmatic drugs, as well as vaccine
adjuvants may be formulated as
nanosuspensions. The following are major
advantages of nanosuspensions:

ABSTRACT

One of the most challenging tasks for formulators in the pharmaceutical industry is the formulation of
poorly soluble drugs. Conventional techniques employed for improving solubility of these drugs have gained
limited success. This holds true more often when dealing with drugs having poor aqueous as well as organic
solubility. Nanosuspension facilitates formulation of hydrophobic drugs to improve solubility and efficacy.
Nanosuspensions are submicron colloidal dispersions of pure drug particles, stabilized by surfactants. This
drug delivery system is simple and advantageous compared to other strategies. Techniques, such as media
milling, high-pressure homogenization, and use of microemulsion as a template have been used for
production of nanosuspensions. Nanosuspensions can be delivered by various routes, such as oral, parenteral,
pulmonary, and ocular systems. It is also possible to convert nanosuspensions to patient-acceptable dosage
forms like tablets, capsules, and lyophilized powder products. Nanosuspension technology has also been
studied for active and passive targeted drug delivery systems. The present review focuses on various
manufacturing and formulation perspectives and applications of nanosuspensions as a drug delivery system.
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• Increase of drug loading in the dosage
form without extreme pH conditions
or use of toxic co-solvents. They
reduce toxicity and offer increased
efficacy.

• Increase in dissolution velocity and
saturation solubility of the drug
leading to an improvement in the in
vivo performance of the drug,
irrespective of the route used.

• Increase in drug loading with reduced
administration volumes for parenteral
and ophthalmic administration.

• Increases resistance to hydrolysis and
oxidation and thereby improves
physical stability.

• Potential for intravenous sustained
release via monocyte phagocytic
system targeting and potential for
reduced first-pass hepatic metabolism
for oral administration.

• Unlike nanoparticle carriers, such as
polymeric nanoparticles,
nanosuspensions are easy to
manufacture and scale-up.

PRODUCTION TECHNOLOGIES

The general approach used for many
years for nanosuspension preparation has been
micronization by colloidal or jet mills for
enhancing solubilization of poorly water-
soluble drugs. This method increases the
dissolution velocity of the drug due to the
increase in surface area, but does not change
the saturation solubility, and thus, does not
help with increasing bioavailability of drugs. 

In the 80s, drug nanoparticles were
produced by Sucker and co-workers using a
precipitation technique.15 Precipitation was
performed by dissolving the drug in a solvent
and adding this solvent to a non-solvent (so-
called via humida paratum). Addition of
solvent to the non-solvent is necessary to
yield a very fine product by passing the
Ostwald Mier area fast.16 Using NanoMorph
technology is another precipitation technique
developed by the SOLIQS/Abbott company.17-

18 The major advantages of this technique
includes the use of  relatively simple and low-
cost equipment and easy scale-up by use of
static blenders or micromixers. However,
static blenders maintain precipitation
conditions only in lab-scale production. It
creates problems in stirring and mixing when
taken up for large-scale production. The basic
challenge of this technique is the need to
retain particle size after precipitation, as
crystal growth of drug occurs upon storage,
which may form microcrystals. In addition, it

is also necessary to maintain the crystalline
state during shelf-life of the product to avoid a
decrease in oral bioavailability. This problem
may be overcome by the addition of a
surfactant. The requirements limiting the
applicability of the precipitation technique are
the need of the drug to be soluble at least in
one solvent and that this solvent needs to be
miscible with a non-solvent. These
prerequisites exclude the processing of drugs
that are simultaneously poorly soluble in
aqueous and non-aqueous media.

Nowadays, two principle technologies 
that are used for the production of
nanosuspensions, are discussed in detail further.

Media Milling
Liversidge and coworkers prepared the

product NanoCrystals® by applying
disintegration techniques using the pearl
milling approach. This patent-protected
technology was developed in 1990 and
formerly owned by the company
NanoSystems, which was acquired by Elan.19

NanoCrystals are produced by dispersing the
drug powder in a surfactant solution and then
pearl milling the suspension as required from
either hours or up to several days. 

Nanosuspensions are produced by using
high-shear media mills or pearl mills. The
media mill consists of a milling chamber, a
milling shaft, and a recirculation chamber.
The milling chamber is charged with the
milling media, water, and stabilizer, and the
milling media or pearls are then rotated at a
very high shear rate under controlled
temperature.20

The milling medium is composed of
glass, zircon oxide, or highly cross-linked
polystyrene resin. Very little batch-to-batch 
variation is observed in the quality of the
dispersion. The high energy and shear forces
generated as a result of the impaction of the
milling media with drug particles provides 
energy for size reduction of microparticulate
drug molecules into nanoparticles. The major
advantages of this technique are useful for very
poorly soluble drugs, ease of scale-up, little
batch-to-batch variation, and high flexibility in
handling large quantities of drugs.

The major drawback of this technology
is the generation of residues of milling media,
which may be introduced in the final product
as a result of erosion.21 The erosion depends
upon the hardness of the drug and milling
materials as well as the milling time required.
This could pose a problem when
nanosuspensions are intended to be
administered for chronic therapy. Scaling up
with this milling is possible, but pearls
contain two-thirds the volume of the mill,
leading to heavy weight of the machinery
thus, limiting the maximum batch size. The
batch size can be increased by using a mill
with suspension circulation. The suspension is

continuously pumped through the mill in
circles. This improves the batch size, but also
increases the milling time because the
required total exposure time of the drug
particles per mass unit to the milling material
remains unchanged. 

Homogenization Techniques
The two types of homogenization

techniques (Microfluidization Microfluidics,
Inc.) and Piston-gap homogenizers (eg, APV
Gaulin, Avestin, etc.) are discussed further.

MICROFLUIDIZATION: Microfluidizers are
based on the principle of the jet stream in
which the suspension passes with a high
velocity in the specially designed
homogenization chamber. In the Z-type
chamber, the suspension changes the direction
according to the letter Z, leading to particle
collision and shear forces. In the Y-type
chamber, the suspension stream is divided
into two streams, which then collide frontally.
The microfluidization technique has been
owned by the Canadian company Research
Triangle Pharmaceuticals (acquired by
SkyePharma PLC).22 A major drawback of this
technology is the high number of passes
through the microfluidizer, which is not very
production friendly. In addition, the product
obtained by microfluidization can contain a
relatively large fraction of microparticles
(especially in the case of hard drugs) thus,
losing the special benefits of a real
homogeneous drug nanosuspension.

IPISTON-GAP HOMOGENIZERS:

A) High-pressure homogenization in water-
Homogenization involves the forcing of
suspension under pressure through a valve
that has a narrow aperture. This technology,
known as DissoCubes, was developed by R.
H. Muller et al in 1998. The patent rights
were owned by Drug Delivery Services
GmbH in Germany (now owned by
SkyePharma PLC).23

A high-pressure homogenizer consists of
a high-pressure plunger pump with a
subsequent relief valve (homogenizing valve).
The task of the plunger pump is to provide the
energy level required for the relief. The relief
valve consists of a fixed valve seat and an
adjustable valve. These parts form an
adjustable radial precision gap. The gap
conditions, the resistance and thus the
homogenizing pressure, vary as a function of
the force acting on the valve. An external
impact ring forms a defined outlet cross-
section and prevents the valve casing from
being damaged due to flow.24 The instrument
is available in continuous and discontinuous
versions. The continuous version is suitable
for optimizing the various parameters of the
homogenization process. The discontinuous
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version is used if the drug is very costly or
has limited availability. The instrument can be
operated at pressures varying from 100 to
1500 bars. In some instruments, a maximum
pressure of 2000 bars can also be reached.
High-pressure homogenizers are available
with different capacities ranging from 40 ml
(for laboratory purpose) to a few thousand
liters (for large-scale production). It is
advisable to start with the micronized drug for
production of nanosuspensions in order to
prevent blocking of the homogenization gap.
The fracture of drug particles is brought about
by cavitations, high-shear forces, and the
collision of the particles against each other
during homogenization. The drug suspension,
contained in a cylinder of diameter about 3
mm, passes suddenly through a very narrow
homogenization gap of 25 micrometers, which
leads to a high streaming velocity. In the
homogenization gap, according to the law by
Bernoulli, the dynamic pressure of the fluid
increases with the simultaneous decrease in
static pressure below the boiling point of
water at room temperature. In consequence,
water starts boiling at room temperature,
leading to the formation of gas bubbles, which
implode when the suspension leaves the gap
(called cavitations) and normal air pressure is
reached again. The implosion forces are
sufficiently high enough to break down the
drug microparticles into nanoparticles.
Additionally, the collision of the particles at
high speed helps to achieve the nano-sizing of
the drug. The addition of viscosity enhancers
are advantageous in certain cases as
increasing the viscosity improves the powder
density within the dispersion zone
(homogenization gap).

The mean particle size in the nanometer
range depends on the pressure and number of
cycles applied; in addition it is affected by the
hardness of the drug. For example, for
budesonide a pressure of 1500 bar and 10
cycles lead to a mean particle diameter of 511
nm, increasing the cycle numbers to 15
reduces the size to 462 nm, and increasing the
pressure to 2500 bar and 10 cycles leads to
particles with a diameter of 363 nm.25 A mean
diameter of 660 nm, 330 nm, and 600 nm
could be achieved for ketoconazole,
paclitaxel, and clofazimine nanosuspension,
respectively.26-27 For each drug, a minimum
size exists that can be achieved by applying a
certain pressure; this minimum size depends
on the powder density in the homogenizer and
the hardness of the drug itself.

Homogenizers to be used on a laboratory
scale are available from the APV Micron LAB
40 (APV Deutschland GmbH, Lubeck,
Germany).28 Other piston-gap homogenizers
are available from Avestin (Avestin Inc.,
Ottawa, Canada) and Stansted (Stansted Fluid
Power Ltd., Stansted, UK). The LAB 40 has a

minimum batch volume of 20 ml and a
maximum of 40 ml, thus allowing the cost-
effective processing of even expensive drug
materials. Smaller volumes can also be
prepared by using the Avestin EmulsiFlex-B3
(volume 3.5 ml). The optimum particle size of
nanosuspension depends on the nature of the
drug (therapeutic field) and the desired
biopharmaceutical properties. A size of
approximately 100 to 200 nm is preferred
when fast dissolution is required. In cases
where prolonged dissolution is desired (eg,
mucoadhesive nanosuspensions for treatment
of Cryptosporidium infections), the mean
particle diameter might be achieved in the
upper nanometer range, ie, 800 to 1000 nm.29

To produce nanosuspensions with a
higher concentration of solids, it is
preferential to start with a very fine drug
powder. To avoid blocking of the
homogenization gap, it is recommended to
perform so-called premilling. A few cycles are
run at lower pressures, increasing the pressure
from one cycle to the next until the final
production pressure is reached. Typical
sequence for premilling is two cycles at 100
bar, two cycles at 200 bar, two cycles at 500
bar, and two cycles at 1000 bar.30

The major advantages of high-pressure
homogenization over media milling are that it
can be additionally useful for formulations of
very dilute as well as highly concentrated
nanosuspensions and allow aseptic production
of nanosuspensions. The major drawbacks of
this technology are prerequisite for drug to be
in a micronized state and suspension
formation using high-speed mixers before
subjecting it to homogenization.

B) Homogenization in water-free media &
water mixtures (Nanopure)- In the Dissocubes
technology, the cavitation was considered as
the determining factor in the homogenization
process. In contrast to water, oils and oily
fatty acids have a very low vapor pressure at
room temperature and a higher boiling point.
The boiling points of olive oil and oleic acid
are 210°C and 350°C, respectively. In the
homogenization gap, the static pressure falls
below the vapor pressure of water at room
temperature, and cavitation can develop. In
the case of oils and oily fatty acids, the drop
in the static pressure is not sufficient enough
to initiate cavitation, or at least there will be
very limited cavitation compared to water.

It is mentioned in some patents covering
the disintegration of polymeric material by
high-pressure homogenization that higher
temperatures in the range of about 80°C
promote particle disintegration; however, for
chemically labile pharmaceutical compounds,
homogenization at around 80°C does not seem
to be sensible.31 In Nanopure, the drug
suspensions in non-aqueous media, such as

propylene glycol, were homogenized. In
addition to homogenization at room
temperature, the process was performed at
0°C and well below the freezing point (eg, -
20°C), the so called “deep-freeze”
homogenization. Based on this theory, this
should be even less effective because the
vapor pressure of liquids decreases with
decreasing temperature, thus leading to even
less or no cavitation. Again, homogenization
results were comparable to Dissocubes. This
opens the perspective to process chemically
labile substances at very mild conditions. For
example, in azodicarbonamide, decomposition
occurred during homogenization at room
temperature, observed by the formation of a
foamy nanosuspension (formation of carbon
dioxide due to decomposition of
azodicarbonamide).32

However, when using the second
generation of the technology and
homogenizing azodicarbonamide at 0°C, no
foamy nanosuspension was formed. This
indicated that the compound was more
chemically stable.

C) Combination technology: precipitation &
homogenization (NanoedgeTM)- The
disadvantages of the precipitation technique
discussed earlier include crystal growth and
problems of long-term stability during shelf-
life, which can be solved by combining the
precipitation technique with the
homogenization.33 In general, precipitated
particles in suspension are subsequently
homogenized, which reduces the particle size
and basically preserves the size range after
precipitation. In addition, the “annealing”
process converts all precipitated particles to
crystalline material, which would remove
problems of physical stability. The basic
principles for Nanoedge are the same as the
precipitation and high-pressure
homogenization. Combination of these
techniques results in smaller particle size (140
to 300 nm), sterile filtration, and better
suspension stability in a shorter time.
Normally, the precipitation is performed in
water using water-miscible solvents, such as
methanol, ethanol, and isopropanol. Despite
the fact that solvents, such as ethanol, can be
tolerated to a certain extent in liquid, oral, or
parenteral formulations, it is desirable to
remove it. The basic tendency is the need for
ethanol-free formulations (eg, ethanolic plant
extracts are being continuously replaced by
water-based extracts). Removal of solvent is
relatively easy on a lab scale (eg, by counter
current flow) but is more problematic when
producing larger batches. Moschwitzer and
Muller developed a new method for the
effective production of ultra-fine submicron
nanosuspensions using Nanoedge technology.
The method involved an evaporation step to





provide a solvent-free modified starting
material (hydrocortisone acetate) followed by
high-pressure homogenization. It was also
observed that use of coprocessed spray dried
material (9:1 drug/poloxamer 188) distinctly
reduced the number of homogenization cycles
compared to jet-milled drug powder.34

Other Techniques
Supercritical fluid technology can be

used as an excellent alternative to both
milling and constructive nanoparticle
formation processes. It produces particles
from drug solutions. Thus, it shortens the
processing time and also overcomes the
current limitations of the conventional
precipitation techniques in terms of process
scale-up, product purity, and wastage
incurred.35 The processes used for preparation
include precipitation with a compressed anti-
solvent (PCA) and rapid expansion of
supercritical solutions (RESS). In the PCA
method, drug and/or polymer solutions are
atomized into a chamber containing
compressed CO2. This causes intense
atomization of two liquids into micronized
droplets that are dried and finally precipitated
as fine crystals. The rapid expansion from the
supercritical to aqueous solution (RESAS)
method induces rapid nucleation of the
supercritical fluid-dissolved gases in the
presence of surface-modifying agents, which
results in particle formation with a desirable
size distribution in a shorter span of time.
This process incorporates aqueous stabilizing
solutions into the RESAS process to trap
smaller particles (500 nm) of insoluble
drugs.36 Surface modifiers inhibit the crystal
growth of newly formed particles. Pace et al
used RESAS with high-pressure
homogenization to obtain a stable and high-
payload drug delivery system. This technique
was patented by RTP Pharmaceuticals, Inc.
and was later out-licensed to Baxter
Healthcare Corporation and incorporated as a
part of Nanoedge technology. The process
produces surface-modified particles having a
size range of 5 to 100 nm.37

Emulsions and microemulsions can 
also be used as templates to produce
nanosuspensions. The use of emulsions as
templates is applicable for those drugs that are
soluble in either volatile organic solvent or
partially water-miscible solvent. Such solvents
can be used as a dispersed phase for
emulsion. 

In the first method, an organic solvent or
mixture of solvent loaded with drug is
dispersed in the aqueous phase containing
suitable surfactant to form the emulsion. This
organic phase is then evaporated under reduced
pressure so that the drug particles precipitate
instantly to form a nanosuspension stabilized
by surfactant. Because one particle is formed

in each emulsion droplet, it is possible to
control the particle size of nanosuspensions.
Another method makes use of partially water-
miscible solvents, such as butyl lactate, benzyl
alcohol, and triacetin, as the dispersed phase
instead of hazardous solvents. The emulsion is
formed by conventional methods, and the
nanosuspension is obtained by simply diluting
the emulsion. Dilution of the emulsion with
water causes complete diffusion of the internal
phase into the external phase, leading to
instantaneous formation of a nanosuspension.38

The nanosuspension thus formed has to be
made free of the internal phase and surfactants
by means of diultrafiltration in order to make it
suitable for administration. The major
drawbacks are use of hazardous solvents and
use of a high amount of surfactants and
stabilizers as compared to other production
techniques.39

The advantages, such as high-drug
solubilization, long shelf-life, and ease of
manufacture, make microemulsion an ideal
vehicle.40 Oil-in-water microemulsions are
preferred for this purpose. The internal phase
of these microemulsions could be either a
partially miscible liquid or a suitable organic
solvent.41 The drug can be either loaded in the
internal phase, or preformed microemulsion
can be saturated with the drug by intimate
mixing. The suitable dilution of the
microemulsion yields the drug nanosuspension
by using the mechanism described earlier. The
influence of the amount and ratio of
surfactant to co-surfactants on the uptake of
the internal phase and globule size of the
microemulsions should be investigated and
optimized to achieve the desired drug loading. 

FORMULATION ADJUVANTS

Stabilizer
It is the most important adjuvant in the

formulation of nanosuspensions. The high-
surface energy of nano-size particles induce
agglomeration of the dry crystals. The main
function of the stabilizer is to wet the dry
particles thoroughly to prevent the Oswald's
ripening and agglomeration of the
nanosuspension and form a physically stable
formulation by providing steric or ionic
barriers.42 In some cases, a mixture of
stabilizers is required to obtain a stable
nanosuspension. The type and amount of
stabilizer has a significant effect on the
physical stability and in vivo behavior of
nanosuspensions. 

The drug-to-stabilizer ratio is critical for
a stable formulation. Typical examples of
stabilizers in nanosuspensions are cellulosics,
poloxamers, polysorbates, lecithin, potassium
oleate, and povidones. Lecithin may be
preferred in the development of parenteral
nanosuspensions.

Solvents (Water-Miscible &
Organic)

Organic solvents should be selected after
considering parameters like toxicity,
pharmaceutically acceptability, and ease of
removal. Less hazardous water-miscible
solvents like ethyl acetate, ethyl formate,
butyl lactate, triacetin, and propylene
carbonate and benzyl alcohol are commonly
employed in the formulation of
nanosuspensions. Dichloromethane being
hazardous is not much preferred. When
nanosuspensions are formulated from
microemulsion, partially water-miscible
solvents may also be used.43

Co-Surfactants
Co-surfactants are an important

component of nanosuspension formulation.
Co-surfactants have an influence on the
uptake of the internal phase and drug loading.
The choice of co-surfactant is critical when
using microemulsions to formulate
nanosuspensions. Because co-surfactants can
greatly influence phase behaviors, the effect
of co-surfactant on the uptake of the internal
phase for selected microemulsion composition
and on drug loading should be investigated.
Bile salts and dipotassium glycerrhizinate are
commonly used co-surfactants by many
researchers. Solubilizers, such as glycerol,
ethanol, and isopropanol, are also safely used
as co-surfactants in the formulation of
nanosuspensions when prepared using
microemulsions as a template.3

Others
Nanosuspensions may contain other

additives, such as buffers, salts, polyols,
osmogent, and cryoprotectant, depending on
the route of administration or the properties of
the drug.

CHARACTERIZATION OF 
NANOSUSPENSIONS

Particle Size & Size Distribution
The particle size and size distribution of

nanosuspensions significantly affect the
saturation solubility, dissolution velocity,
physical stability, and in vivo performance.
The mean particle diameter, width, and
particle size distribution can be determined by
photon correlation spectroscopy.44 The
measuring range of photon correlation
spectroscopy is approximately 3 nm to 3
micrometers. Additionally, laser diffraction
techniques may also be used to detect and
quantify particles in the micrometer range or
aggregates of drug nanoparticles. This
technique is fast and suitable for screening
large numbers of samples. The measuring
range is 0.05 to 80 micrometers and up to
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2000 micrometers. Measurement of the
polydispersity index is also an important tool
in determining the stability of the suspensions.
A nanosuspension with a polydispersity index
of 0.1 to 0.25 indicates a narrow particle size
distribution. This reduces Oswald ripening,
thereby helping in long-term stability of the
suspension.  

For nanosuspensions to be administered
intravenously, additional analysis using
techniques like a coulter counter may also be
used. In contrast to the laser diffraction
techniques providing only a relative size
distribution, the coulter counter gives absolute
data (ie, absolute number of particles per
volume unit for the different size classes). For
intravenous injection, particles larger than 5
micrometers are critical, considering that the
smallest size of blood capillaries is 5 to 6
micrometers, a higher particle size would lead
to capillary blockade and embolism. Thus, this
factor needs to be assessed by coulter counter
analysis. Visualization of particle shape by
atomic force microscopy has also been
reported for evaluation of nanosuspensions.

Particle Charge (Zeta Potential)
Determination of particle charge (zeta

potential) of nanosuspensions is important as
it is an indication about the stability of the
dosage form. The zeta potential depends on
the type of stabilizer and property of drug. For
a physically stable nanosuspension solely
stabilized by electrostatic repulsion, a zeta
potential of ± 30 mV is required as a
minimum value.45 In the case of a combined
electrostatic and steric stabilization, a zeta
potential ± 20 mV would be sufficient.

Crystalline Status
The crystalline structure of the

nanosuspensions can be assessed by X-ray
diffraction analysis and differential scanning
calorimetry. This is of importance when a drug
exists in different polymorphic forms.
Nanosuspensions prepared by high-pressured
homogenization might undergo a change in
their crystalline structure. Thus, it is likely that
drug particles are generated in an amorphous
state, which may lead to enhanced saturation
solubility for poorly soluble drugs. The extent
of such a transformation can be quantified and
used for assessing stability during storage. The
wide angle X-ray diffraction analysis is
preferred because it is easily accessible as
compared to small angle X-ray diffraction
analysis. Scanning electron microscopy may
also be used to study the particle morphology.

Dissolution Velocity & Saturation
Solubility

The assessment of saturation solubility
and dissolution velocity of nanosuspensions
helps to determine their behavior in vivo,

including peak plasma concentration and
bioavailability. Nanosuspensions are
formulated to improve the saturation solubility,
thus, this parameter is of great importance.
The dissolution velocity and saturation
solubility of drug nanosuspensions should be
determined in various physiological buffers as
per the method mentioned in the pharmacopoeia.
These evaluation parameters help the formulator
to highlight the benefits of the nanosuspensions
over conventional dosage forms.

In Vivo Studies
Determination of the behavior of

nanosuspensions in vivo and set-up of an in
vitro/in vivo correlation are important
parameters of the formulation. Surface
hydrophilicity/hydrophobicity are considered
important parameters affecting the in vivo
organ distribution after intravenous injection.
The surface hydrophobicity determines the
interaction with cells prior to phagocytosis.46-47

In addition, it is a relevant parameter for the
adsorption of plasma proteins, the key factor
for organ distribution. The surface
hydrophobicity needs to be determined in 
the original environment of the drug
nanoparticles, which is in aqueous dispersion
medium to prevent misinterpretation. A
suitable technique is hydrophobic interaction
chromatography, previously employed to
determine the surface hydrophobicity of
bacteria and now used for characterization of
nanoparticles.48-50

Protein Adsorption Pattern 
The qualitative and quantitative

composition of the protein adsorption pattern
observed after intravenous injection of the
particles is currently recognized as the
essential key factor for organ distribution.51-52

Protein analysis by 2-D Poly-acrylate gel
electrophoresis was modified and especially
adapted to the analysis of protein adsorption
patterns of nanoparticles. Time-dependent
adsorption patterns of proteins on
nanoparticles were determined after incubation
of polymeric particles with plasma or serum
and after collection of intravenous injected
particles in animals.53-54

APPLICATIONS

Nanosuspensions have proven to be
effective via many routes and for a variety of
drugs in various indications. Most of the
nanosuspension formulations for drugs like
paclitaxel, busulfan, insulin, and fenofibrate
administered via intravenous and/or other
routes are under clinical trials. Oral
nanosupensions, ie, Rapamune
(immunosuppressant) and Emend (anti-
emetic), are already available on the market.10

Indibulin, a novel anti-cancer agent (ZIO-301,
Ziopharm Oncology, Inc.) is available as a
nanosuspension for both oral and intravenous
routes. The oral form is currently in a Phase I
trial, and the intravenous form is currently in
the late preclinical development stage.55

Oral
The oral route for drug delivery is the

most preferred route. Nanosuspensions find
important application in the formulation of
poorly water-soluble drugs. Dissolution is the
rate-limiting step for such drugs having poor
aqueous solubility and hence may lead to
problems in low and varied bioavailability.
Nanosuspension formulation of these drugs
leads to an increase in oral absorption and
improved bioavailability.56-57 Nanosuspensions
also provide an increase in surface area,
saturation solubility, and dissolution velocity.
An increase in bioavailability leads to more
cost-effective drug therapy with reduction in
drug dose and obviates drug dumping.

Liversidge and coworkers suggested
significant improvement in bioavailability
when danazol (a poorly bioavailable
gonadotropin inhibitor) was administered as a
nanosuspension in comparison with a
conventional 10-micrometer danazol
macrosuspension, Danocrine. Danazol
nanosuspensions lead to an absolute
bioavailability of 82.3%, whereas the marketed
danazol suspension Danocrine was only 5.2 %
bioavailable. In addition, danazol 
nanosuspensions resulted in a reduction in
inter-subject variability and fed/fasted ratio of
danazol.58

Kayser et al developed a nanosuspension
of amphotericin-B, which produced a
substantial improvement in its oral absorption
in comparison to orally administrated
conventional commercial formulations, such as
Fungizone or micronized amphotericin-B.
Orally administered nanosuspension brought
about a high uptake of nanoparticulate drug
through the gastrointestinal tract. This is
reflected by the considerable reduction brought
about in the number of L. donovani parasites
in the liver of infected female albino mice as
compared to other commercial formulations.59

Scholer and researchers stated that
atovaquone showed poor bioavaibility (10% to
15%) because of its dissolution rate limited
absorption and had to be administered in high
doses (750 mg twice a day). Oral
administration of nanosuspensions overcame
this problem because of the high adhesiveness
of drug particles sticking on biological
surfaces and prolonging the absorption time.
Atovaquone was formulated as
nanosuspensions and given orally to
Leishmania infected mice. The parameter for
increased absorption was related to the
infectivity score of each animal and to the
reduction of the parasite load in the liver. In
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comparison to Wellvone®-treated mice,
containing a micronized atovaquone,
nanosuspensions at equivalent doses and
reduced infectivity from 40% to 50 % at a
reduced concentration of only 7.5 mg/kg.
These results reflect the potency of this
technique. A reduction in the drug loading
from 22.5 mg/kg (Wellvone) to 7.5 mg/kg
with increased activity (2.5-fold) could be
achieved.60

Naproxen, an NSAID, produced severe
gastric irritation. Liversidge and Conzentino
proved that gastric irritancy could be reduced
by nano-sizing. In this case, reduction in the
particle size from 20 to 30 micrometers to
270 nm lead to faster absorption (tmax= 23.7
versus 33.5 mins). The decrease in gastric
residence time, associated with local high and
prolonged concentration of naproxen, was
presumed to be responsible for the reduced
gastric irritancy scores. These effects may be
due to an increase in dissolution rate and
increased surface area of the drug.61

Nanosuspensions, on the other hand,
enable incorporation of all hydrophobic drugs
in well-established sustained-release
technologies. However, while doing so, the
effect and the interaction of dosage form
excipients with the nanocrystalline drug must
be critically investigated. Drug
nanosuspensions can be incorporated into
dosage forms, such as tablets, capsules, and
fast melts by means of standard 
manufacturing techniques. A ketoprofen
nanosuspension has been successfully
incorporated into pellets to release the drug
over a period of 24 hrs.62  This approach would
facilitate delivery of the compounds
belonging to BCS class IV that exhibit poor
water solubility and poor membrane
permeability.

Langguth et al developed a
nanosuspensions containing spironolactone as
a model low-solubility drug. Seven oral and
one intravenous formulations were tested in
an in vivo pharmacokinetic study in rats. The
DissoCubes nanosuspension of spironolactone
yielded a highly significant increase in
bioavailability averaging 3.3-fold in AUC and
3-fold for Cmax.

63

The adhesiveness of the nanosuspensions
not only helps to improve bioavailability but
also improves targeting of parasites persisting
in gastrointestinal tract. Cryptosporidium
parvum, identified as the main pathogen
causing severe diarrhea in immunosuppressant
HIV patients, has attracted much interest.
There is still no effective therapy or
availability of clinically useful drugs for AIDS
patients. Formulating drugs to combat
Cryptosporidium parvum depends on
targeting the drug to the pathogen, which is
located in the epithelial membrane gut wall,
and secondly, increasing the time for the drug
in the gastrointestinal tract to prolong the

pharmacological window with regard to the
fast washing out during diarrhea.
Bupravaquone nanosuspensions have been
reported to demonstrate advantages, in TRC-
alpha-deficient mice infected with
Cryptosporidium parvum oocysts.64

Formulating poorly soluble drugs for the
treatment of Cryptosporidium infections or
other gastrointestinal tract infections, like
helminthes, will be important strategies in
future. In addition, nanosuspension
technology is considered as suitable new
colon delivery systems for the treatment of
colon cancer, helminth infections,
gastrointestinal inflammation, and associated
diseases like sprue.

Parenteral
The parenteral administration of drugs

is an important route because it provides
quick onset of action, rapid targeting to the
site of action, and reduced dosage of drug. It
is also the preferred route for drugs not
absorbed through the gastrointestinal tract or
which undergo extensive first-pass
metabolism. Although the formulation is
associated with problems like proper selection
of choice and quantities of additives, stringent
aseptic procedures and critical safety issues
need to be addressed. Numerous approaches
in the formulation of drugs via the parenteral
route include solubility enhancement by salt
formation, use of co-solvency, complexation,
and preparation of liposomes. These are,
however, associated with drawbacks like
limited solubilization (which may provoke
anaphylactic reaction and pain), issues with
acceptance and stability (especially for
liposomes), as well as cost and scale-up
concerns.65-68

To establish a more comprehensive
approach, the formation of injectable drugs as
nanosuspensions has emerged.
Nanosuspensions meet almost all
requirements of an ideal drug delivery system
for the parenteral route. However, they are
applicable for poorly soluble drugs having
solubility less than several hundred ppm.69

Moreover, the absences of any harsh
solvents/co-solvents and/or any potential toxic
ingredients in nanosuspension enables them to
bypass the limitation of the parenteral
administration attributed to conventional
formulation strategies. 

Donnelly and coworkers formulated
itraconazole (an anti-fungal agent) as a
nanosuspension that exhibited less toxicity
after intravenous injection than the
commercially available cyclodextrin-
solubilized drug itraconazole (Sporanox,
Janseen Pharma). Comparison of
pharmacokinetic parameters of a nanocrystal
suspension of itraconazole, as determined in a
clinical trial, with those of the commercial

Sporanox solution was found to be better.70-72

A nanosuspension enables significant
improvement in the parenterally tolerable dose
of a drug, leading to a reduction in the cost of
therapy and also improved therapeutic
performance. Merisko et al stated that the
maximum tolerable dose of paclitaxel
nanosuspension was found to be three times
higher than currently marketed Taxol.
Similarly, the nanosuspension of other anti-
cancer agents, such as Etoposide and
Camptothecin, revealed an improvement in
the tolerance level of the drugs compared to
marketed preparations.

Moschwitzer and coworkers developed
intravenously injectable and chemically stable
aqueous omeprazole formulations using
nanosuspension technology. Omeprazole is a
poorly soluble, chemically liable drug with a
high degradation rate in aqueous media. The
researchers have stated that even after 1
month of production, no discoloration or
recognizable drug loss was observed when
nanosuspensions were formulated at 0°C. As a
result, it can be proven that the production of
nanosuspensions by high-pressure
homogenization is suitable for preventing
degradation of labile drugs.73

Pulmonary
Drugs that exhibit poor solubility in

pulmonary secretions need to be formulated
as suspension aerosols or inhalable dry
powders. These dosage forms have a particle
size distribution in microns and thus, the
drugs have limited diffusion and dissolution,
rapid clearance, and low residence time. An
alternative approach for the pulmonary
delivery of poorly soluble drugs is the
formulation of nanosuspensions. The
nanoparticles improve the diffusion and
dissolution of drugs. They also increase
adhesiveness and thus cause the prolonged
residence time. Nanosuspension formulations
also provide a very narrow and uniform
particle size distribution of the drugs into the
lung. They are easily formulated in aerosols
and nebulizers. For conventional solid-in-
liquid dispersions to be formulated as
aerosols, the solid drug should have an
aerodynamic diameter of 1 to 5 micrometers.74

This leads to a statistical inhomogenity
partitioning of drug particles.
Nanosuspensions minimize this by increasing
the number of particles per droplets. Kraft
reported the pharmacokinetics of nebulized
nanocrystal budesonide suspension in healthy
volunteers. The comparable AUC, higher Cmax

and lower tmax were observed with 0.5
nanobudenoside compared to Pulmicort
Respules. Suspended drug particles were in
the range of 75 to 300 nm in nanobudenoside
compared to 4400 nm-size Pulmicort
Respules.75 Nanosuspension targeting to
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alveolar macrophages in diseases like
tuberculosis in which the mycobacteria are in
macrophages have also proved successful.10

Hernandez-Trejo and coworkers stated
that the poorly soluble drug bupravaquone is
proposed for an alternative treatment of lung
infection (pneumonia), which is caused by
Pneumocystis Carinii. Physically stable
nanosuspensions were formulated to deliver
bupravaquone at the site of lung infection
using nebulization.76

Ocular
Drugs that exhibit poor solubility in

lachrymal fluid could be successfully
formulated as nanosuspensions.
Nanosuspensions, by their ability to improve
the saturation solubility of drugs, represent an
ideal approach for ocular drug delivery of
hydrophobic drugs. To achieve sustained
release of the drug for the longer time period,
nanosuspensions can be incorporated in a
suitable hydrogel base or mucoadhesive base
or even in ocular inserts, an approach that has
recently been investigated to achieve desired
duration of action.

Bucolo and researchers prepared
nanosuspensions of ibuprofen and flubiprofen
using acrylic polymers, such as Eudragit RS
100 and Eudragit RL 100 for ocular anti-
inflammatory activity. The pharmacological
profile of topical ibuprofen- Eudragit RS
nanosuspension formulations indicate that the
dispersion of the drug within Eudragit RS
polymer nanoparticles increases ocular
bioavailability and ultimately pharmacological
activity.77-79 Nanosuspension showed superior
performance in vivo as compared to the
commercially available formulations.

Pignatello and coworkers prepared
polymeric nanosuspensions of Eudragit
RS100, RS and RL100, RL for various drugs.
To verify the absence of toxicity toward ocular
structure, blank RS and RL nanosuspensions
were applied to rabbit eyes, and a modified
Draize test was performed. Polymeric
nanoparticles appeared to show absence of any
irritant effect on cornea, iris, and conjunctiva
up to 24 hrs after its application.80

Targeted Drug Delivery
Nanosuspensions can be used for targeted

delivery as their surface properties and
changing of the stabilizer can easily alter in
vivo behavior. Their versatility and ease of
scale-up and commercial production enables
the development of commercially viable
nanosuspensions for targeted drug delivery.
The natural targeting process could pose
obstacles when macrophages are not the
desired targets. Hence, in order to bypass the
phagocytic uptake of drugs, its surface
potential needs to be altered.81 Kayser
developed the formulation of aphidicolin as a

nanosuspension to improve the drug targeting
effect against Leishmania-infected
macrophages. He stated that aphidicolin was
highly active at a concentration in the
microgram range.82

Nanosuspensions afford a means of
administrating poorly water-soluble drugs to
the brain with decreased systemic effects.
Significant efficiency has been associated with
microparticulate busulfan in mice
administered intrathecally.69 Another example
is successful targeting of the peptide Dalargin
to the brain by employing surface-modified
polyisobutyl cyanoacrylate nanoparticles.83

CONCLUSION

For pharmaceutical scientists, the
formulation of nanosuspensions provides a
unique process suitable for formulation
development and commercialization of various
types of drugs. Nanosuspensions are an
attractive drug delivery method for enhancing
solubility and bioavailability of drugs that are
poorly soluble in water and simultaneously in
organic solvents. Large-scale production is
possible by employing media milling and
high-pressure homogenization techniques.
Improved characteristics of nanosuspensions,
such as an increase in dissolution velocity and
saturation solubility, improved bioadhesion,
and ease of large-scale manufacturing, have
improved the applications of nanosuspensions
as a drug delivery system. Nanosuspensions
can be administered using various delivery
routes like oral, parenteral, ocular, and
pulmonary. Oral nanosuspensions can be
converted to more patient-convenient dosage
forms like tablets and capsules. Site-specific
delivery of nanosuspensions needs more
investigation. The success of nanosuspensions
will be evident by the increase in the
commercially available products of this drug
delivery system in the near future. 
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Mucoadhesive Buccal Drug Delivery: A Review
By: Vishnu M. Patel, PhD; Bhupendra G. Prajapati (PhD student); and Karshanbhai M. Patel, MPharm 

INTRODUCTION

Absorption of therapeutic agents
from the oral cavity provides direct entry
into the systemic circulation, thus
avoiding the hepatic first-pass effect and
degradation in the gastrointestinal tract,
ease of administration, and the ability to
terminate delivery when required.1-3

However, the buccal route of drug
delivery has received much more
attention because of its unique
advantages over other oral transmucosal
routes.2,4 The oral mucosa can be
categorized into sublingual, gingival, and
buccal mucosa through which oral
transmucosal delivery can be achieved.
Buccal formulations have been developed
to allow prolonged localized therapy and
enhanced systemic delivery. The
advances in bioadhesive and controlled-
release technology have stimulated a
renewal of interest in the delivery of
drugs to or via the buccal route.5

OVERVIEW OF THE 
ORAL MUCOSA

Structure
The oral mucosa is roughly

classified into three types: masticatory,
lining, and specialized mucosa. The 

major difference among the types is the
presence or absence of a keratinized
outermost layer as part of the epithelium.
The oral mucosal thickness varies
depending on the site. The buccal mucosa
measures at 500 to 800 microns, while
the mucosal thickness of the hard and
soft palates, the floor of the mouth, the
ventral tongue, and the gingival measure
at about 100 to 200 microns. 

The buccal mucosa has a surface
lining consisting of a non-keratinized,
squamous epithelium supported by a
connective tissue lamina propria. The
non-keratinized epithelium of the buccal
mucosa is more permeable than the
keratinized one. The superficial layers
(approximately the outermost quarter) of
the buccal epithelium represent the
primary barrier to the entry of substances
from the exterior. The principle barrier to
the movement of compounds across the
buccal epithelium is provided by an
accumulation of neutral lipids and
glycolipids in the intercellular spaces of
these superficial cell layers. This material
originates from the extrusion of the
contents of the membrane-coating
granules (MCG) as the epithelial cells
move superficially.6

Environment
The cells of the oral epithelia are

surrounded by an intercellular ground
substance, mucus, which is secreted by
the major and minor salivary glands as
part of saliva.7,8 This mucus may actually
play a role in cell-cell adhesion, as well
as acting as a lubricant, allowing cells to
move relative to one another.7 Along 
the same lines, the mucus is also 
believed to play a role in bioadhesion 
of mucoadhesive drug delivery systems.9

At physiological pH, the mucus network
carries a negative charge (due to the
sialic acid and sulfate residues), which
may play a role in mucoadhesion. 

Another feature of the environment
of the oral cavity is the presence of saliva
produced by the salivary glands. It
protects the soft tissues from abrasion by
rough materials and from chemicals.
Saliva is an aqueous fluid with 1%
organic and inorganic materials. The
major determinant of the salivary
composition is the flow rate, which in
turn depends upon three factors: the time
of day, the type of stimulus, and the
degree of stimulation.7,8 The salivary pH
ranges from 5.5 to 7, depending on the
flow rate. The daily salivary volume is
between 0.5 to 2 L, and it is this amount

ABSTRACT
The buccal mucosa offers excellent opportunities for the delivery of both locally and systemically active drugs. The mucosa

is relatively permeable and robust, shows short recovery times after stress or damage, is tolerant to potential allergens, and has a
rich blood supply. Administering drugs via this route is advantageous due to the rich vasculature of the oral mucosa and the
absence of gastrointestinal and first-pass hepatic degradation. Today, research is more focused on the development of suitable
delivery devices, permeation enhancement, and buccal delivery of drugs that undergo a first-pass effect, such as cardiovascular
drugs, analgesics, and proteins and peptides. In this review, the overview of the oral mucosa, followed by discussion of recent
literature on novel mucoadhesive polymers, buccal permeation enhancement, and protein and peptide delivery are detailed. The
various dosage forms in different stages of development are also reviewed.
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of fluid that is available to hydrate oral
mucosal dosage forms. 

Permeability of Buccal Mucosa &
Drug Permeation

It is estimated that the permeability of
the buccal mucosa is 4 to 4000 times
greater than that of the skin.10 As indicative
by the wide range in this reported value,
there are considerable differences in
permeability between different regions of
the oral cavity because of the diverse
structures and functions of the different
oral mucosae. In general, the permeabilities
of the oral mucosae decrease in the order of
sublingual greater than buccal, and buccal
greater than palatal.11 This rank order is
based on the relative thickness and degree
of keratinization of these tissues, with the
sublingual mucosa being relatively thin and
non-keratinized, the buccal thicker and non-
keratinized, and the palatal intermediate in
thickness but keratinized. 

The epithelial barrier must be crossed
by the drug molecules in order to reach
their intended sites of action. The basic
drug transport mechanism for buccal
epithelium is the same as for other epithelia
in the body. There are two major routes
involved: transcellular (intracellular) route
and paracellular (intercellular).12 In general,
for many drugs, permeation across the
buccal epithelium is thought to be via the
paracellular route by passive diffusion.
Nevertheless, Kurosaki et al suggested the
presence of a specialized transport system
for cephadroxyl in the human buccal
membrane.13

MUCOADHESION

The term mucoadhesive is commonly
used for materials that bind to the mucin
layer of a biological membrane. In the
development of these drug delivery
systems, mucoadhesion of the device is a

key element. Many theories have been
proposed to describe mucoadhesion,
namely the electronic theory, adsorption
theory, wetting theory, diffusion theory, and
fracture theory.14-16 Mucoadhesion is
believed to occur in three stages: wetting,
interpenetration, and mechanical
interlocking between mucin and polymer.

Mucoadhesive Polymers
To serve as mucoadhesive polymers,

the polymers should possess some general
physiochemical features, such as
predominantly anionic hydrophilicity with
numerous hydrogen bond-forming groups,
suitable surface property for wetting
mucus/mucosal tissue surfaces, and
sufficient flexibility to penetrate the mucus
network or tissue crevices.17 The efficacy of
oral bioadhesive drug delivery systems is
affected by the biological environment and
the properties of the polymer and the drug. 

The various polymers considered
suitable for the development of bioadhesive
devices are cellulosic derivatives (methyl

cellulose, sodium carboxymethylcellulose,
hydroxy ethyl cellulose, hydroxy propyl
cellulose, and hydroxy propyl methyl
cellulose), natural gums (guar gum, karaya
gum, xanthan gum, locust bean gum,
veegum), sodium alginate, polyoxyethylenes,
polyacrylates  (carbopol and
polycarbophil), and chitosan.3,18-28     26,27,32,33

Novel Mucoadhesive Polymers
Under Development

An AB block copolymer of oligo
(methyl methacrylate) and PAA has been
synthesized for prolonged mucosal drug
delivery of hydrophobic drugs. These block
copolymers form micelles in an aqueous
medium, which was confirmed by a
fluorescence probe technique using pyrene.
A model drug, doxorubicin hydrochloride,
when incorporated into these micelles,
results in its release being prolonged at a
slower rate. Polymers with thiol groups
were also investigated as a new generation
of mucoadhesive polymers.34

Shojaei and Li designed and
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Table 1. Mucosal Permeation Enhancers With Their Mechanism of Action

Classification Mechanism Examples 

Surfactants 
Perturbation of 
intercellular lipids, 
protein domain integrity 

Anionic: sodium lauryl sulfate42, sodium laurate lipids, 23-lauryl 
ether42

Cationic: cetylpyridinium chloride43

Non-ionic: poloxamer, brij, span, myrj, tween 

Bile salts: sodium glycodeoxycholate44, sodium glycocholate45,
sodium taurodeoxycholate1, sodium taurocholate46, Azone45

Fatty acids Increase fluidity of 
phospholipids domains 

Oleic acid 47, caprylic acid, methyloleate47

Chelators Interfere with Ca+2 Sodium EDTA42, sodium citrate, polyacrylates 

Cyclodextrins 
Inclusion of membrane 
compounds -, -, -cyclodextrin46, methylated -cyclodextrins

Positively charged 
polymers  

Chitosan48,49, trimethyl chitosan 

Cationic compounds 

Ionic interaction with 
negative charge on the 
mucosal surface 

Poly-L-arginine, L-lysine 

T A B L E  1
Mucosal Permeation Enhancers With Their Mechanism of Action



Dr
ug

De
liv

er
y

Te
ch

no
lo

gy
Oc

to
be

r
20

07
Vo

l7
No

9

57

BUCCAL
     D E L I V E R Y   

formulated a series of novel copolymers of
acrylic acid and poly ethylene glycol
monomethylether monomethacrylate [P(AA-
co-PEG)]. The addition of PEG into the
polymer increased the potential for hydrogen
bond formation because the lone pair
electrons of oxygen in the repeat unit
(CH2CH2O) of PEG served as hydrogen
bond acceptors. The surface properties of
PAA for mucoadhesion were also improved
by the PEG incorporation.35

Using copolymeric hydrogel discs of
HEMA (monomer) and Polymeg
(macromer), a buccal mucoadhesive device
for controlled release of buprenorphine was
developed. The hydrogel containing a
monomer:macromer ratio of 80:20 (w/w)
yielded the best result both in terms of
adhesion and drug release. The device was
applied for a 3-hour application time, and
steady state levels were maintained for the
time of application.36

Novel polymers of PAA
complexed with PEGylated drug
conjugate were investigated by
Lele et al.37 Only a carboxyl
group containing drugs, such as
indomethacin, could be loaded
into the devices made from
these polymers. An increase in
the molecular weight of PEG in
these copolymers resulted in a
decrease in the release of free
indomethacin, indicating that
drug release can be manipulated
by choosing different molecular
weights of PEG. 

A new class of hydrophilic
pressure-sensitive adhesives
(PSAs) that share the properties
of both hydrophobic PSAs and
bioadhesives has been
developed by Corium
Technologies.38 These Corplex
adhesive hydrogels have been
prepared by non-covalent
(hydrogen bond) cross-linking
of a film-forming hydrophilic
polymer (for example PVP)
with a short-chain plasticizer
(typically PEG) bearing
complementary reactive
hydroxyl groups at its chain
ends. The specific balance
between enhanced cohesive
strength and large free volume
in PVP-PEG miscible blends
influences their PSA behavior. 

Bernkop-Schnurch et al
demonstrated that introduction

of a sulphahydryl group increased the
adhesive properties of mucoadhesive
polymers.39 In this study, cysteine was
attached covalently to polycarbophil by
using carbodiimide as a mediator, forming
amide bonds between the primary amino
group of the amino acid and the carboxylic
acid moieties of the polymer. The results
showed that there was considerable
improvement in the overall behavior of

Table 2. Related Research on Buccoadhesive Polymers & Bioadhesive Tablets 

Drug Bioadhesive Polymers Dosage Form References 

62elbaTetaniglamuidos&nasotihCneforpoteK

Nifedipine, propranolol Chitosan, polycarbophil, 
sodium alginate, gellan gum 

Bilaminated films, 
bilayered tablets 

27

Diltiazem, 

metclopramide  CP, HPMC, PC, SCMC, PAA
Tablets, bilayer 
tablets 

18

 32stelbaTCP,CMPHlolonarporP

Propranolol  SCMC, CP- 934 Bilayered tablets & 
multilayer tablets 

22

Nystatin  Carbomer, HPMC Double-layered tablet 24 

 06telbaT439-PC,M-CPHlCHlimapareV

3elbaT439-PC,CPHedinotecaenolonicmairT

Lidocaine CP-934, HPC-H Multilayered tablet 20 

 52telbaTCMPH,439-PCelozadinorteM

Sodium fluoride Modified starch, CP-934 Slow release tablet 61 

 85telbaT439-PC,hcratsdeifidoMelozanociM

26csiD149-PC,709-PCedimarpolcoteM

36telbaTHDAP,CMPHedinotecaenolonicmairT

46telbaTCMPH,P439-PCenicozatneP

Chlorpheniramine/ 
Calcitonine 

 56telbaTmugaekaH

Omeprazole Sodium alginate, HPMC, 
CP-934P, PC 

 82telbaT

Nicotine HPC, CP-934, PVP Biphasic tablet 21 

 22SABNCMCS,439-PClolonarporP

Clotrimazole CP-974 P, HPMC-K4M, 
PEG-6000 

Bioerodible tables 4 

Abbreviations: CP=carbopol, HPMC=hydroxy propyl methyl cellulose, PC=polycarbophil, SCMC=sodium carboxymethyl cellulose, 
PAA=polyacrylic acid, HPC=hydroxy propyl cellulose,  PVP=poly(vinyl pyrrolidone), PADH=poly (acrylic acid-2,5-dimethyl –1,5 – 
hexadience, NBAS=novel buccal adhesive system

T A B L E  2
Related Research on Buccoadhesive Polymers & Bioadhesive Tablets
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adhesion and adhesive properties when
tested on porcine intestinal mucosa at a pH
level above 5.

BUCCAL PERMEATION
ENHANCERS

Membrane permeation can be a
limiting factor for many drugs administered
via the buccal route, and the epithelium that
lines the oral mucosa is a very effective
barrier to the absorption of drugs. In order
to deliver broader classes of drugs across
the buccal mucosa, reversible methods of
reducing the barrier potential of this tissue
must be employed. This requisite has
fostered the study of penetration enhancers
that will safely alter the permeability
restrictions of the buccal mucosa.
Substances that help to promote drug
permeation through the buccal epithelium
are referred to as penetration enhancers.40

They should be safe and non-toxic,
pharmacologically and chemically inert,
non-irritant, and non-allergenic.41

Penetration enhancers can be divided into
many categories (Table 1) according to
their structure, mechanism of action, and
the type of drugs whose permeation they
enhance. 

PROTEIN & PEPTIDE DELIVERY

The buccal mucosa represents a
potentially important site for controlled
delivery of macromolecular therapeutic
agents, such as peptide and protein drugs
with some unique advantages, such as the
avoidance of hepatic first-pass metabolism,
acidity, and protease activity encountered in
the gastrointestinal tract.50,51 Another
interesting advantage is its tolerance (in
comparison with the nasal mucosa and
skin) to potential sensitizers. A variety of
proteins/peptides, including insulin,
octreotide acetate, recombinant human

interferon-alpha, gonadotropin-releasing
hormone, buserelin, leutinizing hormone-
releasing hormone (LHRH), and glucagon-
like peptide-I, have all been studied.29,42,44,52-57

The studied were performed on different
animal models (dog, rabbit, rat, pig, and
human) with or without a penetration
enhancer.33,42,44,52-57

BUCCOADHESIVE 
FORMULATIONS

Buccal drug delivery formulations
include buccal tablets, buccal patches, and
buccal gels. The clinical success of buccal
drug delivery depends on the ability to
achieve and maintain the therapeutic levels
for a defined period of time. The
availability of this amount of drug depends
mainly on the formulation factors of the
delivery system. Therefore, the drug
delivery pattern from the delivery system is
crucial and must be carefully considered. 

Buccal Tablets
In order to improve the bioavailability

of administered drug in the oral cavity,
several bioadhesive tablet systems (Table 2)
have been developed in recent years.58

Adhesive buccal tablets can be applied to
different sites in the oral cavity, ie, the
palate, mucosa of the cheek, and between
the upper lip and gum. The tablet softens
and adheres to the substrate and is retained

in position until release is complete. After a
short time, the presence of the tablet is
reported to be no longer noticeable to the
patient. The tablet should not be moved
about the mouth once in position because
this causes more rapid drug release. The
position of successive tablets can be
alternated on either side of the mouth. The
location of the tablet in the mouth appears
to have a great impact on the tolerance and
the retention time. Depending on the
location, either palatal or gingival, retention
times varied from 4 to 6 hrs to 7 to 12 hrs,
respectively.59 Factors such as nature of the
polymer, the drug/polymer ratio, and
swelling kinetics influence the drug release
from bioadhesive tablets. The limitations of
buccal tablets are their lack of physical
flexibility, the small surface area for drug
release with mucosa, and irritation
following chronic application on the buccal
and sublingual mucosa. 

Buccal Patches
Bioadhesive patches (Table 3) are

systems that may range from simple
erodible and nonerodible adhesive films to
more sophisticated systems, which can be
designed to provide either unidirectional or
multidirectional release of drug.66-68 The
ideal characteristics of a buccal drug
delivery system should include flexibility,
elasticity, softness, adequate strength to
withstand breakage due to stress from the
mouth activities, and good bioadhesive

Table 3. Some Reported Mucoadhesive Buccal Patches

Drug Bioadhesive Polymers Dosage Form References 

Plasmid DNA, beta-galactosidase Noveon & Eudragit S-100 Bilayer films 70

 smlifreyalitluMnasotihc,AGLPenovalfirpI 32

Chlorhexidine gluconate Chitosan Film 33

Propranolol hydrochloride  Chitosan Buccal patch 71

 sehctapdetanimaLAVP,PVP,CPH,CEHnileritorP 19

Propranolol hydrochloride Eudragit, CP-934 Buccal patch 72

Abbreviations: PLGA=poly(D,L-lactide-co-glycolide), CP=carbopol, HPMC=hydroxy propyl methyl cellulose, PAA=polyacrylic acid,
HPC=hydroxy propyl cellulose, HEC=hydroxy ethylcellulose, HPC=hydroxy propyl cellulose, PVP=poly(vinyl pyrrolidone), PVA=poly(vinyl 
alcohol), PEG=poly ethylene glycol

T A B L E  3
Some Reported Mucoadhesive Buccal Patches
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properties so that it can be retained in the
oral cavity for the desired duration. Patches
should be able to meet these requirements
and swell to a certain extent when placed in
aqueous medium. Thus, the mechanical,
bioadhesive, and swelling properties of film
are critical, and their evaluation is
essential.68 They also ensure more accurate
dosing of the drug compared to gels and
ointments.69

Buccal Gels
A major difficulty for the successful

eradication of fungal infections of the oral
cavity and periodontal diseases is the
dilution and rapid elimination of topically
applied drugs due to the flushing action of
saliva. The delivery system in which the
drug is incorporated is therefore an
important consideration and should be
formulated to prolong retention of the drug
in the oral cavity. The application of
bioadhesive gels cover a wider area of
mucosa and provide a long stay in the oral
cavity, adequate drug penetration, high
efficacy, patient acceptability, and physical
protection.73 Different polymers were used
for the development of hydrogel systems,
including cellulose derivatives
(methylcellulose,  carboxymethylcellulose,
and hydroxy propyl cellulose), natural gums
(xanthan gum, guar gum, karaya gum, and
agarose), poly acrylates (poly(acrylic acid),
poly(vinyl pyrrolidone) and poly(ethylene
glycol), and chitosan.20,74-76

SUMMARY

The buccal mucosa offers several
advantages for systemic and local delivery
of drugs. The mucosa is well supplied with
both vascular and lymphatic drainage and
the absence of gastrointestinal and first-pass
hepatic degradation. The area is well suited
for a retentive device and appears to be
acceptable to the patient. The efficacy of
buccal drug delivery systems is affected by
the biological environment and the

properties of the polymer. With the right
dosage form design and formulation, the
permeability and the local environment of
the mucosa can be controlled and
manipulated in order to accommodate drug
permeation. Buccal delivery is a promising
area for continued research with the aim of
systemic and local delivery of orally
inefficient drugs. It is a feasible and
attractive alternative for non-invasive
delivery of potent peptide and protein drug
molecules. 
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The Issues & Challenges Involved in In Vitro Release Testing for
Semi-Solid Formulations
By: Qiuxi Fan, PhD; Mark Mitchnick, MD; and Andrew Loxley, PhD 

INTRODUCTION

The use of an in vitro release test

(IVRT) to evaluate drug release from

semi-solid formulations has become

the routine test for topical product

development. Like the dissolution test

for solid dosage forms, IVRT for

semi-solid dosage has become

increasingly important. As FDA

Guidance puts it, “In vitro release is

one of several standard methods that

can be used to characterize

performance characteristics of a

finished topical dosage form (ie,

semi-solids like creams, gels, and

ointments)… A variety of physical

and chemical tests commonly

performed on semi-solid products and

their components (eg, solubility,

particle size, and crystalline form of

the active component, viscosity, and

homogeneity of the product) have

historically provided reasonable

evidence of consistent performance.

More recently, IVRT has shown

promise as a means to

comprehensively ensure consistent

delivery of the active component(s)

from semi-solid products. An in vitro

release rate can reflect the combined

effect of several physical and chemical

parameters, including solubility and

particle size of the active ingredient

and rheological properties of the

dosage form. In most cases, in vitro

release rate is a useful test to assess

product sameness between pre-change

and post-change products…

Important changes in the

characteristics of a drug product

formula or the thermodynamic

properties of the drug(s) it contains

should show up as a difference in

drug release.”1

Based on FDA Guidance, the

IVRT method for topical dosage

products is built on an open chamber

diffusion cell system like the Franz

diffusion cell system (Figures 1 and

2) with a synthetic polymeric

membrane.2 The membrane separates

the donor part containing test product

from the receptor part filled with

medium (usually PBS buffer).

Diffusion of drug from the topical

product to and across the membrane is

monitored by assay of sequentially

collected samples of the receptor

medium. At predetermined time

points, an aliquot of medium is

removed from the receptor part for

drug content analysis either by high

pressure liquid chromatography

(HPLC) or other analytical technique,

and the same amount of fresh medium

is refilled into the receptor to keep

constant volume. Theoretically, release

is proportional to the square root of

time, ie, a straight line in the release

profile.1

This paper discusses different

IVRT set-ups for different systems

(one-phase and two-phase systems) of

topical products and their respective

release profiles, as well as

highlighting the challenges involved

in collecting useful data and how to

overcome them.

ONE-PHASE SYSTEM

There are two one-phase systems

to be discussed: a water-based system,

such as hydroxyethyl cellulose (HEC)

gel with peptide as the API, and oil-

based systems, such as 1-octanol

solution or light mineral oil

suspension of either antibiotic or low

molecular weight agents like lidocaine

or caffeine as the API.

Water-Based System
Two HEC gels with different

concentrations of a peptide API, and a

poloxamer gel with the same peptide,

all containing Transcutol® as a

penetration enhancer have been tested

F I G U R E  1
Franz Diffusion Cell
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using the IVRT method at Particle

Sciences Inc. Because of the relative

simplicity of the water-based

formulations, IVRT was carried out

without modification from the FDA

Guidance, using the experimental

configuration presented in Table 1, and

the release profiles obtained from the

three formulations are shown in Figure 3. 

It is obvious that for water-based

one-phase systems, the regular IVRT

method works well with no need for

modification, and differences between

formulation types and API loading

within a formulation type are clearly

observed.

Oil-Based System
Fan et al investigated the controlled

release of an antibiotic drug

(doxycycline HCl) from its

solution/suspension in an organic

solvent through a porous membrane.3

When formulated as a simple system of

API solution/suspension in 1-

octanol/light mineral oil, IVRT results

were also dependent on API

concentration in the formulations: 5

mg/ml (Sol. 1) or 10 mg/ml (Sol. 2). A

similar IVRT procedure was performed

as for the water-based formulations,

except that a hydrophilized

polyvinylidene fluoride (PVDF)

membrane (Millipore, 0.1-micron pore

size) was used instead of a nylon one.

Table 2 shows the permeation data, and

Figure 4 presents the release profiles.3

From these two IVRT examples of

different one-phase semi-solid systems,

it is not difficult to observe that one-

phase systems pose little challenge for

the IVRT method mainly because (as

the name “one phase” indicates) either a

simple diffusion or partitioning is the

major mechanism for API transport

through the polymeric membrane.

Therefore, different formulations are

easily distinguished.

TWO-PHASE SYSTEM

Two-phase systems are more

complex than one-phase systems

because many more factors are involved,

such as API solubility in the two phases,

API partitioning between the two

phases, interactions within the system

and between the emulsion, and

membrane interface. And these factors

might pose challenges for IVRT to

differentiate formulations or even to

achieve a reliable release profile.

Oil-in-Water (O/W) System 
The O/W emulsion is the most

widely applied system in semi-solid

dosage products because of its fast API

release, and its relative stability and

ease of application to the skin. In most

cases, because the API is dissolved in

the aqueous continuous phase, there is

no major barrier to the API’s transport

through the formulation and into and

through the polymeric membrane during

the IVRT experiment.

At Particle Sciences Inc., several

formulations containing the oil

propylene glycol (PG), water, and a low

molecular weight microbicide as the

API have been tested using regular

IVRT conditions. The same IVRT

configuration was used except that the

receptor medium was a mixture of PBS

and ethanol because of this particular

API’s low solubility in PBS alone. As

shown in Figure 5, formulations of the

same concentration of API

dissolved/dispersed in different phases

were easily distinguished from their

IVRT release profiles.

Water-in-Oil (W/O) System Using
Peptide as the API

In addition to the O/W system,

IVRT of water-in-oil emulsions using a

higher molecular weight peptide as the

API has also been performed at Particle

Sciences Inc. Compared to the O/W

system, the peptide emulsion system

presented the following several

challenges for IVRT:  

IN VITRO
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Diffusion cell PermeGear®9-station Franz cell stirrer 

Weight of sample gel ~ 0.3 grams

Membrane GE , Megna, Nylon membrane,  
0.45-micron pore size

Receptor medium PBS

Sampling aliquot 300 microliters

Sampling time 0.5, 1, 2, 4, 6, and 24 hrs

®

T A B L E  1
IVRT Configuration

F I G U R E  2
9-Station Franz Cell Stirrer



• The high molecular weight of the

peptide (close to 2000 Daltons),

high solubility in water, and much

lower solubility in the continuous

oil phase mean that partitioning

from the aqueous internal phase

into the non-aqueous continuous

phase may not be a strong enough

driving force for the peptide to

diffuse through the membrane.

• The W/O formulation contains a

large volume fraction of aqueous

phase to dissolve the API, with a

relatively small amount of oil-

phase components surrounding it

as a continuous phase. Within

such a tightly bound structure, the

peptide may not diffuse from the

water phase through the

continuous oil phase and release to

the medium.

• If negligible release is observed,

the IVRT configuration would

need to be changed or

reformulation with another

selection of oil phase and/or

emulsifier be carried out.

Initial IVRT was carried out by the

routine se-tup shown in Table 1. As

expected, zero release was observed after

24 hrs, which illustrated the challenges

previously outlined. Other research

groups also indicated that a solubilized

drug’s delivery from emulsion systems,

such as creams, lotions, or ointments,

relies on this API’s initial concentration,

diffusion coefficient in the external oil

phase, and partitioning coefficient

between the internal water phase and the

external oil phase.4 As for the W/O

emulsion system, the preferred

partitioning toward the internal water

phase would keep the API rarely

available in the external oil phase. At the

same time, for the API going through the

membrane into the aqueous medium,

diffusion occurs through the membrane

pores filled with medium and is

influenced by the partitioning coefficient

of the API between the bulk solvent (ie,

the continuous oil phase) and the

aqueous solvent in the membrane pores.5

In this case, as this high molecular

weight peptide API has much higher

solubility in water (> 100 mg/ml) than in

the oil phase (< 10 mg/ml), not

surprisingly, partitioning was always

favored toward the water phase;

therefore, diffusion through the

continuous oil phase into the aqueous

medium generally was not observed. The

major challenge here is that if the

continuous phase is different from the

aqueous phase containing the API, it

would be very difficult for the API to

transport through the interface between

the carrier fluid and the formulation by

diffusion and/or partitioning. In another

case, if the API is in a dispersed phase

whose continuous phase has a sharp

interface with the collection medium,

then release will be even lower due to

reduction in the diffusion of API through

the oil phase, and the fact that the whole

formulation will not pass through the

membrane.

In order to overcome this delivery

challenge, a modified IVRT

Diffusion System Permeability (cm/hr) Flux µg/cm2 hr) *Q24 (µg/cm2)

Sol. 1 0.015 ± 0.003 72.8 ± 12.2 516 ± 146
Sol. 2 0.015 ± 0.002 149.7 ± 21.8 2521 ± 538

*Q24, receptor concentration after 24 hrs. 

T A B L E  2
Permeation Data Using 1-Octanol as an Oil-Based System3

F I G U R E  3
IVRT Release Profiles of Water-Based One-Phase System
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configuration was proposed to achieve a

measurable release profile from the

W/O emulsion system:

• Use a larger pore size (0.8

microns, 1.0 micron) and/or

hydrophobic membrane (Celgard®

membrane, PTFE membrane) to

facilitate the emulsion

transportation.

• Increase the concentration of API

in the emulsion.

• Add organic component to the

receptor medium, such as

ethanol, to improve wetting the

membrane.6

After implementing the new set-up,

distinguishable release profiles were

observed from different W/O emulsion

systems.

SUMMARY

In the topical pharmaceutical arena,

the application of IVRT to investigate

drug release rates from emulsion

formulations has received increased

attention throughout the past decade.

This paper analyzed the issues/

challenges related to the use of IVRT

for different emulsion systems: a one-

phase (either oil or water) system and a

two-phase (O/W, W/O) system, and

whether IVRT can differentiate

formulations. One-phase systems and

O/W two-phase systems with the API in

the aqueous phase (or in the dispersed

oil phase but with a non-zero solubility

in the aqueous phase) pose little

challenge for IVRT with a wide range

of membrane choice and medium

selection based on API properties. On

the other hand, for W/O two-phase

systems, the challenges for IVRT are

significant and stem from the API

solubility issue in the two phases, the

API partitioning between the two

phases, oil phase membrane-wetting

F I G U R E  4
IVRT Release Profiles of Oil-Based One-Phase System

F I G U R E  5
IVRT Release Profiles of O/W System



Dr
ug

De
liv

er
y

Te
ch

no
lo

gy
Oc

to
be

r
20

07
Vo

l7
No

9

66

issue, and slow release issue. In the

case of O/W/O and W/O/W systems,

they behave similarly to W/O and

O/W systems, with an additional

complicating phase.

Differing from case to case, the

regular IVRT set-up may need to be

modified to meet the requirements of

different emulsion systems as well as

different APIs. The present paper used

a high molecular weight peptide API

in a water-in-oil formulation as an

example of how to overcome these

challenges.

It is evident that the regular IVRT

procedure needs to be modified to

meet the requirements of different

emulsion systems as well as APIs. The

present paper used a large MW

peptide as an example of how to

overcome those challenges based on

our successful IVRT experiences for

different emulsion systems here at

Particle Sciences Inc.  Now that IVRT

can be adapted to evaluate all types of

formulations, the next challenge is the

correlation between in vitro and in

vivo release results, which is currently

under intense investigation at the

company.
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Oral Drug Delivery Technology – Delivering on Patient Expectations
By: Jeffrey H. Worthington, MBA, and David A. Tisi, MS 

INTRODUCTION

Today, most pharmaceuticals are
developed and promoted exclusively on
their medical benefits – superior efficacy,
fewer side effects, faster on-set of action,
or longer lasting (reduced dosing
frequency) – many of which have been
enabled by advances in drug delivery
technology. While these medical benefits
are of paramount importance, the
product’s aesthetics (appearance, aroma,
flavor, texture, and mouthfeel) can have a
significant effect on patient compliance.
Unfortunately, drug products’ aesthetic
characteristics are under-considered and
underutilized by many companies. This
often leads to the launch of drugs that are
unacceptable to many patients, despite
their medical benefits. When medication
compliance is compromised, health
outcomes suffer and drugs fail to realize
their sales potential. A properly formulated
drug product that considers the aesthetic
dimensions of patient acceptability will
better serve the patient over the long-term
and generate greater sales for the
manufacturer and technology holder alike.

SENSORY ANALYSIS OF 
DRUG PRODUCTS

For the food and beverage industry,
optimizing the sensory attributes of
products is the top priority in the heated
competition for “share of stomach.” The
mission of pharma companies on the other
hand is to promote dosing compliance, not
product consumption. Fortunately, patients
have comparatively modest expectations of
their medication. Most are looking for an
“acceptable” tasting medicine – one that
can be easily swallowed without gagging
(odor), pain (trigeminal effects), or

suffering (taste). This translates to a drug
product with moderate sensory
characteristics – not too bitter, not to
odorous, not too irritating, not too gritty.
Whether the formulation is orange, grape,
bubblegum, chocolate, or mint flavored is
of much lower importance to the lack of
these negative sensory attributes. 

Regardless of whether the objective is
to develop a “great-tasting” food or
beverage or a “palatable” pharmaceutical,
sensory analysis is required to effectively
guide formulation development. There are
two major classifications of sensory tests:
affective and analytical. Affective tests
determine customer (patient/consumer)
response to products and are generally
used by market research to test product
concepts (eg, focus group), determine
product preference, or to determine
product acceptance (eg, degree of liking).
Analytical tests are used to identify and
quantify products’ perceived sensory
characteristics under controlled laboratory
conditions. There are several types of

analytical tests, including discrimination
tests (used in quality control), grading
tests (used in product quality labeling),
and descriptive methods. The descriptive
methods find the greatest application in
formulation development and are
discussed further herein. The reader is
directed to the references for additional
information on sensory analysis methods. 

The descriptive methods provide
complete characterizations of the sensory
attributes of a product – appearance,
aroma, flavor, texture, and mouthfeel. All
descriptive methods involve the detection
(discrimination) and description of both
the qualitative and quantitative sensory
aspects of a product by trained panels of
judges (panelists or subjects). The
qualitative factors are the individual
perceived sensory aspects that define the
product and are referred to by various
terms, such as attributes, characteristics,
character notes, or descriptors. The
quantitative aspect of descriptive analysis
expresses numerically the degree to which

F I G U R E  1
Sensory-Directed Development Process 
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each of the qualitative terms (attribute) is
present, which is referred to as intensity. Use of
reference standards for the qualitative terms and
reference scales for intensity of different
attributes ensures consistent application of the
measurements across panelists and
reproducibility across evaluations. 

PROCESS FOR DEVELOPING
PALATABLE DRUG PRODUCTS

Consumer packaged goods companies have
evolved highly sophisticated processes, tools,
and techniques for developing products that
appeal to our sense, where product attributes,
such as appearance, aroma, flavor, mouthfeel,
skin-feel, and sound, are key product
differentiators in these highly competitive
industries. Pharma’s primary focus is the safety
and efficacy of its products with comparatively
little resources devoted to product aesthetics, as
this has not been the historic base of
competition, particularly for prescription drugs.
The sensory-directed process shown in Figure 1
has been adapted from the consumer packaged
goods industry and provides a framework for
developing palatable oral pharmaceuticals. 

Stage I is sensory analysis of the API and
benchmarking of competing products.  This
should be conducted as early in clinical
development as possible (Phase II). One of the
primary objectives is to characterize the API to
identify and quantify its critical sensory attributes,
eg, bitter basic taste, odor, and trigeminal effects,
such as tongue sting or throat burn. It is
particularly important that this assessment include
measures of the temporal effects of the critical
sensory attributes, which can significantly impact
the taste-masking challenge. Additionally, if there
are important competing marketed products, then
it’s vital to assess the sensory quality of these to
ensure that the new drug product’s aesthetics are
as good as or better than the alternatives. The net
result is the establishment of a sensory target for
the drug product.

Stage II is the actual development of a
series of palatable formulations that meet the
sensory target established in Stage I. The
development process consists of three discrete
steps, beginning with the unflavored base and
then the flavor system. One of greatest
misconceptions in the pharma industry is the
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F I G U R E  2
Sensory Time/Intensity Profile of Marketed Drug Product Illustrating Complete Bitterness
Coverage

F I G U R E  3
Sensory Time/Intensity Profile of Marketed Drug Product Illustrating Incomplete
Bitterness Coverage
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belief that the key to bitter taste-masking is
the selection of the appropriate flavoring
material, eg, orange, grape, and strawberry.
However, the anatomy and physiology of taste
and odor perception are fundamentally
different. Bitterness, like the other basic tastes
(sweet, sour, and salty), is perceived through
stimulation of the taste buds on the
epithelium of the tongue. Flavoring materials
are aromatics (odors) that are perceived
through stimulation of the olfactory
epithelium, which contains receptor cells and
the free nerve endings of the trigeminal
nerve. The olfactory receptor cells lie in the
upper reaches of a small area of the nasal
cavity, called the olfactory epithelium. Odors
are perceived through two different routes —
smelling directly through the nose
(orthonasal) or during gustation when the
volatile odorous molecules reach the
olfactory center through the nasopharyngeal
passage (retronasal). Understanding the
differences in perception, one would not
expect an aromatic flavoring material to mask
a bitter or other basic taste. Stage II is
structured in large part on an appreciation of
the fundamental differences between taste and
odor perception as will be discussed further.

Stage III is acceptance testing of one or
more palatable prototype formulations
developed in Stage II. This testing is most
commonly conducted using healthy
volunteers, but patients may be used as
appropriate. The objective is to have the
subjects select the preferred flavor type
amongst a group of prototypes of similar
flavor quality or to ensure that the prototypes
meet the established target (eg, is liked the
same or more than a competing product). 

UNDERSTANDING PALATABILITY

Fundamentally, the flavor quality of a
drug product is related to the perceived blend
of the product’s sensory characteristics. Many
drug substances are bitter, and the perceived
bitterness “stands out” from the other basic
tastes (sweet, sour, salty). If the basic tastes
are balanced through the proper selection and
use of complementary excipients, then the
bitterness of the drug substance will not be
distinctly perceived, and consequently, the

F I G U R E  4
Sensory Time/Intensity Profile of Marketed Drug Product Illustrating No Bitterness
Coverage

F I G U R E  5
Sensory Time/Intensity Profile of Marketed Drug Product Illustrating Unique Bitterness
Masking Challenge 
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drug product will be considered more
palatable. The same concept applies to other
basic tastes as well as trigeminal effects and
odors; the key is to “blend away” the
negative attributes. Importantly, patient
acceptability of drug products is a function
of both the initial flavor quality (ie, first 10
to 20 seconds following ingestion) and the
aftertaste (ie, 1 to 10 or more minutes
following ingestion). Get one of them wrong
and palatability suffers. In general, this
requires that the positive sensory attributes
of the flavor system (specifically sweet basic
taste and flavoring aromatics) be perceived
at a stronger intensity than the negative
sensory attributes (eg, bitterness) initially
and throughout the aftertaste.  

Time/intensity sensory profiles of four
marketed prescription drug products will be
used to illustrate the concept (Figures 2-5).
Experienced pharmaceutical sensory
panelists evaluated the four drug products
using the Flavor Profile intensity scale,
which ranges from none (0) to strong (3) and
is defined with reference standards. For each
drug product, the average intensity of the
critical sensory attributes (bitter, sweet, and
flavoring aromatics) is plotted as a function
of time for 10 minutes. The area above a
slight intensity (>1) has been shaded. In
general, attributes at a slight intensity or
greater can be readily perceived by most
patients. Ideally, the negative attributes, in
this case bitter, should be below a slight
intensity, and the flavor system attributes
(sweet basic taste and flavoring aromatics)
should be greater than the perceived
bitterness at each point in time.

The API shown in Figure 2 is not very
bitter; most patients would not perceive the
bitterness as it is well below a slight
intensity. The flavor system (flavoring
aromatics and sweet basic taste) provides
complete coverage of the bitterness initially
and throughout the aftertaste and will be
readily perceptible to patients to about 5
minutes. This drug product is a pediatric
antibiotic oral suspension and is widely
considered by parents and pediatricians to be
the “gold standard” of palatability based on
ease-of-dose administration to children 2
years and older.

The API in the drug product illustrated

in Figure 3 is more bitter than in the
previous example but not extremely so. The
problem is that the flavoring aromatics and
sweetness decay quickly, exposing the
bitterness, which remains above the
“concern” intensity (>1) throughout the
aftertaste. The challenge is to shift the
sweetness and flavoring aromatics decay
curves upward such that they are at or above
the bitterness profile at each point in time.
Fundamentally, this requires optimization of
the flavor system to increase its initial
impact and duration, a fairly straightforward
exercise given the relatively low taste-
masking challenge of this API.  

The flavor system of the drug product
shown in Figure 4 provides no coverage of
the bitterness initially or at any point in the
aftertaste. Unfortunately, the API is quite
bitter with a relatively flat decay curve,
which further exacerbates the problem. This
API represents a difficult taste-masking
challenge and would require complete
reformulation of the excipient system in
order to improve palatability. More
specifically, this will require optimization of
the sweetener system, necessitating the use
of one or a combination of high-intensity
sweeteners plus an underlying aromatic
support system to extend the flavoring
aromatics further into the aftertaste.

The drug product illustrated in Figure 5
represents an extremely difficult taste-
making challenge. The flavoring aromatics
and sweetness decay quickly, exposing the
bitterness, which starts above the “concern”
level (>1) and increases in intensity
throughout the 10-minute aftertaste. In this
case, the API is encapsulated, and the coated
particles tend to get stuck between the teeth
and under the gum line. As the coating
dissolves, the extremely bitter API is
continually released in the oral cavity where
it binds strongly to the taste receptors. Food
and beverages do little to ameliorate the
bitterness of this drug product – a truly
unpleasant dosing experience for patients of
any age but particularly children. The flavor
system of this product can certainly be
improved; however, optimization of the
coating system or another technology
approach would be required to achieve a
step-change improvement in palatability.

BUILDING A PALATABLE 
FORMULATION

Developing a palatable drug product is
akin to building construction. As shown in
Figure 1, the first step is to develop a solid
foundation or base formulation. The base
formulation consists of the API plus all of
the excipients required for a commercial
dosage form (buffers, preservatives,
suspending agents, disintegrants, processing
aids) plus the excipients added to improve
palatability. The objective is to develop a
“white” (unflavored) base. A “white” base
exhibits balanced basic tastes (sweet, sour,
salt, and bitter), which is the underpinning of
taste-masking. The concept is to “blend
away” the critical sensory attributes of the
API, typically bitterness, through the
selection and screening of appropriate
excipients. It is particularly important at this
stage to develop a robust sweetener system
that produces a sweetness profile that closely
matches the bitterness (or other critical
attribute) profile of the API. Candidate
excipients are selected based on knowledge
of their sensory characteristics in the dosage
form of interest.  Screening experiments are
then conducted to determine the applicability
of the candidate excipients and to establish
preliminary usage levels. To minimize
human exposure of drug substances, it is
often desirable to work with a Generally
Recognized as Safe (GRAS) mimetic or
surrogate for the API during the
development process.  In these situations, a
preliminary step is required wherein an
appropriate mimetic is identified and its
usage level established to match as closely as
possible the critical sensory attribute(s) of
the API.  

The next step is to develop the flavor
system. The objective is to improve the
coverage of the critical sensory attributes in
the initial flavor and aftertaste by building a
well-blended and full-bodied flavor. A
structured approach is followed to select
flavoring ingredients. To begin, reputable
flavor suppliers that serve the
pharmaceutical industry are asked to submit
samples based on a description of the
projects technical requirements.
Experienced sensory panelists screen the
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aroma of candidate flavorings to eliminate
those with a low or inappropriate aromatic
identity or the presence of off-notes, eg,
solventy, soapy, aldehydic characteristics. 

Flavoring materials that pass the
initial aroma screening are then
formulated into the pre-optimized
(mimetic) base from the previous step.
The flavor quality of the resulting
prototypes is evaluated by the sensory
panelists for key attributes, such as
aromatic identity and intensity, balance
(blend) and fullness (complexity),
lingering flavor aromatics and sweetness,
bitterness masking, mouthfeel
characteristics, and off-notes. Often,
multiple flavoring materials are required
to provide the required degree of coverage.

The final step is to combine the most
promising excipients from the previous
two steps and optimize the usage levels of
all excipients. No new excipients are
introduced during this step; however,
individual excipients may be dropped if
their contribution to the overall
palatability of the formulation is
determined to be limited. Designed
experiments may be employed to
efficiently optimize the formulations, with
the sensory panels evaluating the resulting
prototypes for the aforementioned
attributes.

BEYOND THE BENCHTOP

When a series of palatable flavored
formulations have been developed,
acceptance testing may be conducted to
down-select to the subject-preferred
(patient or healthy volunteer) prototype
(Stage III). Most companies elect to
advance a primary and back-up flavored
formulation in the unlikely event of a
compatibility issue with one of the flavor
system excipients. In addition,
manufacturers are advised to measure and
monitor the sensory quality of the
prototypes during manufacturing process
development and scale-up to ensure that the
flavor quality does not deviate from the
original specification. Finally, sensory
evaluation of stability samples is often
conducted to ensure the flavor quality of

the drug product is acceptable not just upon
manufacture but also at its expiry date. 

OPPORTUNITY

Advances in oral drug delivery
technology continue to yield important
medical benefits ranging from faster on-
set of action and improved side-effect
profiles to more convenient dosage forms.
However, many of these technologies have
their own sensory challenges that will
need to be addressed in order to fulfill
their promise. While in vitro techniques,
such as the “electronic tongue” are
available, these techniques are of limited
value to developers, particularly in the
absence of correlations between human
taste panel and instrumental responses for
the specific API of interest. Additionally,
advances in our understanding of the
biochemistry of taste and odor perception
may one day result in the discovery of new
chemical entities that ameliorate the
negative sensory attributes of many drug
substances. In the meantime, drug
developers would be well served by
mining the food science and technology
literature for information on quantitative
sensory analysis, flavor construction, and
the sensory characteristics of ingredients
(excipients) in various formulation
systems, all which are critical to
developing palatable drug formulations.
Palatable drug formulations improve the
prospects for patient dosing compliance,
which translates to improved health
outcomes and increased product sales.
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Mr. David Heyens
Senior Vice President,

Global Sales
Catalent Pharma

Solutions

Q: Can you provide a brief
overview of Catalent’s drug
delivery technologies and
services?

A: We have a long history in advancing the

delivery of drugs, through the use of

advanced dose forms, advanced drug

formations, and advanced packaging

technology.  We offer product development

expertise for virtually every route of

administration, including oral, injectable,

respiratory, nasal, topical, ophthalmic, otic,

and other routes.  We also hold more than

1,000 patents and patent applications

covering advanced dose forms, formulations,

and packaging, and a network of more than

1,000 scientists globally.  

Catalent commercialized softgel capsule

CC
atalent Pharma Solutions is a leading provider of advanced dose

form and packaging technologies as well as drug development,

manufacturing, and packaging services for pharmaceutical,

biotechnology, and consumer health companies in nearly 100 countries.

Formerly known as Cardinal Health’s Pharmaceutical Technologies and

Services segment, Catalent Pharma Solutions recently became an

independent company. Catalent is the world’s leading drug delivery

technology provider with more than 70 years of formulation and

manufacturing expertise. Drug Delivery Technology recently interviewed

Catalent’s David Heyens, Senior Vice President, Global Sales, to learn

more about the company and how Catalent helps companies find solutions

to some of the key challenges facing the industry today.

“Because of our

experience, world-

class experts,

technologies, 

and extensive

customer base, we

fully understand

the challenges our

customers face.

And we’re here to

help solve them.

We believe we can

deliver more

effective solutions

for our branded

drug partners,

more quickly, and

help generate

higher value

results than

anyone else.”

CATALENT PHARMA SOLUTIONS:
A WORLD LEADING PROVIDER OF

ADVANCED DRUG DELIVERY

TECHNOLOGIES & SERVICES
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technology, developed the

advanced Liqui-Gel® technology,

created the “fast-dissolve”

dosage form with Zydis®, and

introduced the vegetable-based

capsule VegiCaps® Soft. We offer

a range of advanced controlled-

release technologies, including

EnCircTM for higher drug loading

and EnSolvTM for improved

dissolution, plus conventional

CR formulation expertise. We

also have an advanced protein

expression technology, GPEx®,

which is being used to create

advanced biologics. Supporting

all of this, we provide analytical

chemistry services, clinical

supplies production and

management, regulatory

consulting, and commercial-scale

manufacturing and packaging.

Q: How has your
company’s recent
introduction as
Catalent Pharma
Solutions affected the
services it offers to the
industry?

A: Although we now operate as

an independent company with a

new name, all of our world-class

drug delivery and development

services, production, customer

service, and quality operations

remain the same. We remain

committed to our business and to

serving our customers.

Q: What do you see as
the key industry trends
and issues that will
impact the pharma 
and biotech markets
throughout the next 
5 years?

A: With more sparse near-term

branded pipelines, greater

reimbursement challenges, and

fewer blockbuster drugs,

companies of all sizes are

seeking better solutions to make

every single molecule as

successful as possible. Big

pharma no longer chooses only

the most likely molecules to

develop, but tries to develop

every one that has the potential

for success, or licenses them out

to another company. Molecules

are increasingly more targeted

and specialized, therapeutic

indications are focusing more 

on niche treatments, and

compounds are more often

posing formulation and clinical

challenges. As a result, advanced

dose forms and formulations

have become even more critical

in helping to solve many current

industry issues, and the industry

seems more willing to go outside

to find technology solutions.

Another major trend is the need

to balance globalization with the

need to understand and shape

products for local markets,

payors, and consumers.

Companies must design products

that can provably add value to

support favorable formulary

access and pricing for

prescription drugs. In the

consumer health arena, local

market understanding and rapid,

proactive innovation will

determine who wins and who

loses.  Choosing the right

delivery technology and

outsourcing partner – one like

Catalent who understands the

impact that every development

stage choice can have on

ultimate outcomes – will be

critical for future success.

Finally, one of the growing

issues facing the industry today

is the growth of drug

counterfeiting worldwide. The

problem affects drug makers and

patients in virtually every

country around the globe to

some degree. Catalent is taking a



leadership role here, both for

prevention and detection of

counterfeit drugs. Advanced dose

form and packaging technology

can play a role in combating

counterfeit products.

Q: In this challenging
environment, how 
does Catalent help
companies find
solutions and bring
value to the industry? 

A: We help companies increase

the productivity of their pipeline

with advanced dosage forms and

formulations, and with innovative

packaging technologies, that

enable them to consistently

produce products with more

value, measured by improved

clinical and market outcomes.

Catalent’s experts can help

customers get maximum

productivity from their pipeline

and improve the odds of the

clinical success of their

compounds. Branded companies

choose our expertise and

technology platforms not just for

product differentiation, but

mainly to improve patient

outcomes, which ultimately

drives product success.  

With our vast global

knowledge and local expertise in

nearly all parts of the world, we

intimately understand and are

well equipped to deal with the

global challenges our customers

face. Our worldwide network of

quality and regulatory

professionals helps ensure

regulatory compliance through

every step.

For years, Catalent has been

planning and implementing

leading-edge technologies to

combat counterfeiting. Our anti-

counterfeiting capabilities include

leading techniques available

today – overt and covert

packaging technologies, advanced

dose forms that are difficult to

counterfeit, e-Pedigree programs

with RFID and 2D bar codes, and

forensic analytic science

expertise for detection. 

Finally, one of the most

important things we offer our

customers, whether they are large

or small, is reliable solutions,

consistently delivered. We believe

this ultimately has led to a high

degree of confidence from our

customers in our ability to

deliver. All the advanced

technology in the world is of

little value if the technology

partner is not dependable.

Because we have been serving

this industry for so long, in so

many ways, we have learned what

to expect, ask, and anticipate, and

we try to use all of that

experience for the benefit of our

customers.

Q: How does Catalent
help companies develop
products with improved
outcomes and achieve
favorable reimbursement
status?  

A: The value of any drug

delivery technology to customers

today lies first and foremost in

how well it can help enhance the

therapeutic effectiveness of drugs

that use it. This is a bit different

than a decade ago, when

advanced delivery technologies

were most frequently used to

provide simple-line extension

differentiation. In today’s

challenging reimbursement

environment, with many “me

too” type drugs competing for the

same patient share, customers are

looking to exploit every path to

differentiate based on outcomes,

including through the dose form

they use. 

There is substantial research

showing that every choice about
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dose form and packaging

configuration made in the drug

development process can impact

patient outcomes. Our research

with physicians, pharmacists,

payors, and patients indicates

that medication compliance –

patients taking the drugs the way

they are supposed to – can be

influenced by seemingly small

things, like dose form color 

or size, or by packaging

confirmation. We help customers

make dose form and packaging

decisions that can help improve

outcomes every step of the way.

We also recommend that

customers build outcome

optimization thinking earlier into

clinical strategy, incorporating

advanced dose forms and

packaging into clinicals in order

to drive differentiated results.  

Q: What are the most
common reasons
companies choose to
partner with Catalent?

A: Above all – for our

technologies, our expertise, and

our global reach. In 2008, we

will celebrate 75 years of

experience in providing the high

degree of consistent performance

and regulatory assurance

customers in pharma and

consumer health need. Our depth

of knowledge and breadth of

resources is unparalleled, as is

our track-record of making the

difficult possible by bringing

even the most challenging

molecules to market. 

Companies also choose

Catalent because our experts

partner with them in a

collaborative way for solutions.

With so many available options,

we can often recommend and

implement the most efficient,

most effective pathway to

clinical and commercial success.

Customers can benefit from

working with a single, reliable,

experienced supplier who

understands their needs, which

makes their job easier. And by

working with a single supply

source, customers save

considerable time from screening

and managing individual

suppliers, with multiple hand-

offs and multiple failure points.

Finally, Catalent’s track-

record for quality, regulatory

compliance, and consistent

performance over decades is a

key reason why customers of all

sizes come to us. We understand

that our customers are placing

some of their most important

assets into our care — at times a

specific project’s success may

determine the future prospects

for an entire company, and

hundreds of employees. We

approach our customers’ projects

and products with the same care,

creativity, and quality as if they

were our own.

Q: Please explain how
you work with
customers.

A: We build strong relationships

with our customers. We discuss

their needs and concerns, help

them develop ideas for new

products and strategies for

bringing their product to market

in the most advantageous way,

considering competitive threats,

costs, dose form, and packaging

to ensure patient compliance.
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Q: Tell us about your
sales force. How do you
make sure your reps
truly understand a
customer’s needs and
offer relevant solutions?

A: First and foremost, we

believe our sales team has the

broadest experience base in the

industry. We have pharmacists

and PhDs, inventors and drug

marketers, regulatory experts,

and formulators, all properly

trained and engaging with

customers every day.  Because

our sales team understands our

customers’ issues, they can more

readily help resolve them. Also,

we provide our sales team the

skills and market-based training

they need, and access to

comprehensive market

intelligence resources to help

them fully understand the

challenges our customers face.

Second, we have taken a

close look at our customer base,

and segmented it to ensure the

right alignment of sales resources

and customers, based on the

customer’s current and future

strategy and needs.  

Finally, we have a hybrid

structure that combines integrated

account executives, who represent

all of our offerings and solutions;

strategic account executives, who

focus on our largest customers;

and technical sales specialists,

who bring a depth of experience

with one delivery system or

service to a customer’s specific

need.

Q: Why did you choose
the name “Catalent”?

A: The name was created to

combine the ideas embodied in

catalyst and talent – what we do

for our customers, and how we

do it. Catalent serves as a catalyst

for our customers’ success,

enabling them to make the most

of their product. Talent focuses

on our people – the unique

breadth and depth of scientific,

operational, regulatory, and both

global and local market expertise. 

Q: What are the key
messages you want to
convey to DDT readers?

A: Because of our experience,

our world-class experts, our

technologies, and our extensive

customer base, we fully

understand the challenges our

customers face. And we’re here to

help solve them. We believe we

can deliver more effective

solutions for our branded drug

partners, more quickly, and help

generate higher value results than

anyone else. And, the earlier

we’re involved during a product’s

development, the better those

results are likely to be, because

nearly every single choice made

can impact a product’s future

value. We’re ready to help – give

us a call. u
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DOSE BY DOSE COUNTER

The 3MTM Integrated Dose by Dose
Counter provides an accurate,
customizable, patient-friendly
solution to guidance issued by the
Food and Drug Administration
(FDA) requiring dose counters for
pressurized Metered Dose Inhalers
(pMDIs). The robust design
eliminates over- and under-
counting, while the familiar look
and clear display allows patients to
use the device with no additional
training. It’s compatible with most
valves and can be modified to fit
your needs. By combining the 3MTM

Integrated Dose by Dose Counter
with our global regulatory

experience, 3M can help smooth the integration process to add a dose
counter to your programs. For more information, contact 3M Drug
Delivery Systems at (800) 643-8086 or visit www.3m.com/dds.

Dow Corning® S Series liquid silicone rubbers are designed, tested, and
supported for implants of 29 days or less. They also are appropriate for
disposable applications in IV sets and catheters and for a variety of
components, including valves and O-rings. The chemistry of the S Series
LSRs is similar to that of Dow Corning’s existing LSRs and is consistent
across the three new products — Dow Corning® S40 Liquid Silicone
Rubber, Dow Corning® S50 Liquid Silicone Rubber, and Dow Corning® S70
Liquid Silicone Rubber. The framework of this chemistry set incorporates
most of the same polymers but now optimizes the chemistry from a
molecular level, resulting in a stronger, more consistent material. S Series
LSRs reach their ultimate physical properties upon initial cure with no
drift. For more information, contact Dow Corning Healthcare Solutions at
(989) 496-4000 or visit www.dowcorning.com/healthcare.

LIQUID SILICONE RUBBERS

DEVELOPMENT & MANUFACTURING

Coating Place, Inc. is a privately owned drug delivery systems
development and manufacturing company specializing in Wurster fluid
bed microencapsulation of powders, granules, crystals, and beads.
Other coating capabilities include softgels, hard shell capsules, and
tablets. Our services include contract formulation development,
technology transfer, scale-up, and commercial manufacturing in a GMP
environment with analytical support. Applications include controlled oral
delivery, such as enteric, delayed, or sustained release, moisture or
oxygen barrier and taste-masking applications for Rx, OTC, and
controlled substance products. Our facilities process solvent, aqueous,
and hot melt formulations. Our creative and innovative staff is ready to
take on your toughest projects. For more information, contact Coating
Place, Inc. at (608) 845 9521 or visit www.encap.com.

PACKAGING SOLUTIONS

Bilcare is a global provider of innovative packaging materials and
solutions for the pharmaceutical industry. We partner with our
customers and support them with a broad portfolio of film- and foil-
based packaging materials to provide their drugs with the optimum
protection and shelf-life as well as with specialty materials and
solutions for brand protection and enhancement of brand identity. We
provide research services that enable our clients to develop the
optimum package by quantitatively determining the failure mode of
new and existing applications using an innovative stability evaluation
protocol that reduces time, cost, and resource loading. For more
information, contact Remco van Weeren, PhD, at Bilcare, Inc. at (610)
935-4300 or visit www.bilcare.com.
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ORALLY DISINTEGRATING TABLETS

AdvaTab® is a new
generation of ODT
technology that offers
distinct advantages and
unique applications –
unparalleled taste,
flexible dosing, modified
release, and a robust
tablet. AdvaTab can be
combined with Eurand’s
leading Microcaps®

taste-masking
technology to provide an

ODT with superior taste and mouth-feel. AdvaTab tablets dissolve
rapidly in the mouth within 15 to 30 seconds, and the smooth mixture
of carrier excipients and taste-masked drug granules is suitable for
delivering high drug doses. Modified-release drug granules can also be
incorporated into the AdvaTab dosage form to provide a fast-dissolve
tablet with sustained-release properties. AdvaTab tablets can be
packaged in either bottles or push-through blisters. For more
information, contact Eurand at (937) 898-9669 or at
bizdev@eurand.com.

It is critical for a service
provider to meet the
technical, financial, and
timing demands of
projects and offer clients
first-class expertise and
capabilities throughout
the world. The Glatt
Group has been
supplying solid dosage
technology, equipment,
integrated systems, and
processing expertise to
the global

pharmaceutical industry for the past 50 years along with the highest level
of support and commitment possible. Glatt uses this extensive experience
to provide solutions to partners from the initial concepts in product and
formulation development through process scale-up to commercial
manufacturing of solid dosage products. With facilities in New Jersey,
Germany, and Switzerland, Glatt is uniquely positioned to apply its
considerable solid dosage development and manufacturing assets to
major markets within the industry. For more information, contact Glatt
Pharmaceutical Services at (201) 825-8700 or visit
www.glattpharmaceuticals.com.

PHARMA DEVELOPMENT SERVICES

AIRLESS BOTTLE

LABLABO’s new EasyFoil bottle is
fitted with a pouch consisting of
an aluminum multilayer film rolled
up and welded around a superior
ring and an inferior cup, both
produced in a thick plastic
material. The film is composed of
an exterior PET layer and an
interior PP or PE layer wrapping a
central aluminum layer of 12
microns in thickness. Depending
on the nature of the product used,
the internal layer choice will be PP
or PE, the ring and cup being
produced in the same material
with a sufficient thickness to

provide a perfect barrier, especially against oxygen or UV. EasyFoil
accepts the most viscous products (> 100.000 cps) and the most fluid
(alcohol) and offers excellent restitution, the bottle could be used
upside-down, precise dosage delivery, or containment of the pouch at
a stand still position, an ideal packaging for transdermal applications.
For more information, visit Lablabo at www.lablabo.com, or e-mail
l.khoury@lablabo.fr.

CONTROLLED DELIVERY PLATFORM

SCOLR Pharma applies its
patented CDT® Controlled
Delivery Technologies to
develop formulations for
companies with
pharmaceutical, OTC, and
nutraceutical products.
These elegantly simple
technologies can be used
for controlled-release
periods for up to 24 hours
and can be manufactured
using readily available
standard materials and

conventional production equipment. SCOLR Pharma partners with
companies under contractual arrangements that include licensing
fees, royalties, manufacturing contracts, or other mutually agreed
upon financial arrangements. SCOLR Pharma's CDT® has the many
distinct advantages, including highly programmable (capable of a
wide range of release profiles), easy to manufacture (employs
conventional manufacturing equipment), cost effective (utilizes
standard tableting excipients), higher payload (when compared to
other technologies), and strong patent protection (full patent life and
easy enforcement). For more information, visit SCOLR Pharma at
www.scolr.com.



TRANSDERMAL DELIVERY

Aveva is a leader in transdermal drug delivery systems with global
resources and operations that make it a quality company to partner with.
Featuring a state-of-the-art facility (over 117,000 sq. ft.) located in
Miramar, Florida, Aveva offers a full range of services, including a core
competency in global research and development, along with fully
equipped blending, coating, and packaging capabilities. Aveva has an
excellent record of regulatory compliance and comprehensive quality
systems. Aveva’s qualified team includes Nitto Denko’s global subsidiaries
that can make a tremendous impact on your projects in a timely manner.
For more information, contact Robert Bloder at (954) 624-1374 or visit
www.avevadds.com.

Licensing
opportunities for
PharmaForm’s
patented transdermal
and transmucosal
delivery systems are
available.
PharmaForm’s
proprietary delivery
platform is a versatile
polymeric delivery

system that can be applied to many drug candidates and product
applications. The company’s Drug Delivery Technology team is integrated
with formulation development, analytical, materials, and manufacturing
groups to develop and optimize transdermal systems. The Formulation
and Product Development and Analytical groups work closely to plan and
execute the numerous facets of system development activities. After
formulation development, clinical assessment, and final formulation
selection is complete, PharmaForm can scale-up your product for
commercial manufacture. PharmaForm will combine its pharmaceutical
expertise, formulation chemistry, and long history of know-how to develop
a high-quality transdermal drug delivery system for your market
application. For more information, contact PharmaForm at (512) 834-0449
or visit www.pharmaform.com.

PHARMACEUTICAL PRODUCT DEVELOPMENT

SPRAY & DISPENSING SYSTEMS

Ing. Erich Pfeiffer GmbH,
based in Southern Germany,
is a leading manufacturer of
pharmaceutical spray and
dispensing systems. The
Pfeiffer product range is
extremely versatile and offers
dispensers for nasal, oral,
and topical drug
administration. Specific user
needs are met by a choice of
mechanical or electronic
devices for multidose,
unitdose, and bidose

applications. More than 5 decades of experience, dedicated innovation,
and an uncompromising commitment to quality are behind the Pfeiffer
dispensing systems, which are supplied to customers across all five
continents. Customer requirements are integrated into the development
process from the very early stages to ensure that user needs for safe,
easy, and effective drug administration are met. Building on these strong
foundations, Pfeiffer is committed to researching new systems for future
therapies and applications. For more information, contact Pfeiffer of
America at (609) 987-0223 or visit www.pfeiffer-group.com.

CYCLO OLEFIN POLYMERS

Zeon Chemicals
L.P. is a wholly
owned subsidiary
of Zeon
Corporation of
Tokyo, Japan, a
world leader in
specialty
elastomers,
polymers, and
specialty
chemicals. Zeon

Corporation is one of the top producers of polymers in the world with
plants in Asia, North America, and Europe, and Research and
Development laboratories in Kawasaki (Japan), Louisville (KY, US) and
Barry (UK). Zeon Chemicals, headquartered in Louisville, offers
ZEONEX® Cyclo Olefin Polymers (COPs), which are designed to protect
the world’s most valuable protein-based drugs and contrast media.
Pure and exceedingly clear, ZEONEX can even be steam sterilized.
When you need superior quality, demand nothing less. For more
information, contact Zeon Chemicals at (877) 275-9366 or visit
www.zeonchemicals.com/medical2.
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INNOVATIVE DOSAGE FORMS

Capsugel® is the world’s leading supplier of two-piece capsules. With
over 140 years of production experience, Capsugel offers formulation
services, patented dosage delivery technology, and liquid and precision
powder-filling equipment. The new Xcelodose® system creates clinical
trial batches in precisely dispensed amounts as low as 100
micrograms. With Xcelodose, capsules can be filled with drug
substances alone, eliminating the need for excipient compatibility and
preformulation activities. Capsugel supports clinical development with
the CFS 1200TM capsule liquid-filling and sealing bench top machine for
R&D Labs as well as 100- and 300-hole benchtop fillers. Products
include two-piece capsules in gelatin, pullulan, and HPMC; Licaps®

liquid capsules; softgels; PCcaps® for preclinical animal studies; and
DBcaps® for double-blind comparator trials. For more information, visit
Capsugel at www.capsugel.com.

EUDRACOL® provides
targeted drug delivery
direct to the colon,
with delayed and
uniform drug release.
The system consists of
several layers. At the
center is a core
containing the active,
which is enclosed in
several layers of
EUDRAGIT®. The first
layer allows the tablet
to pass through the
stomach intact and be

conveyed via the small intestine to the beginning of the colon. The switch
from the acid environment of the stomach to the alkaline environment of
the intestine causes the outer protective layer to dissolve. During further
passage through the colon, the next layer becomes permeable due to the
basic pH value and the presence of fluid. Water can then penetrate this
layer, causing the drug to diffuse from the core and be absorbed by the
intestinal wall. For more information, visit www.pharma-polymers.com or
call (732) 981-5383 or  +49-6151-18-4810.

ORAL DELIVERY

LIPOSOME PREPARATION

The LIPEX ExtruderTM was
introduced in 1985, and it
quickly became the
standard for the preparation
of laboratory-scale
liposome formulations. The
10-mL unit was
supplemented with 100-
and 800-mL units to
facilitate scale-up and GMP
production. NLI introduced
the 142- and 293-mm
filter-holders, which were
designed for large-scale

(10 to 100 L) liposome production. The company now develops and
produces custom-designed equipment for large-scale manufacturing.
An ever-expanding customer base has made LIPEXTM technology the
equipment of choice that provides seamless scale-up from research to
clinical manufacturing. For more information, contact Northern Lipids,
Inc. at (604) 222-2548 or visit www.northernlipids.com.

CENTRAL LAB SERVICES

Pacific Biometrics, Inc. (PBI) is
announcing new Clinical
Biomarker Services, which are
designed primarily to support
clinical development of
biotherapeutics. These include
validation of ligand-binding
assays for immunogenicity
testing by ELISA and MSD and
multiplexing for novel
biomarkers, in a regulatory-
compliant environment.
Established in 1989, PBI is a
Specialty Central Laboratory
with an established reputation

as the premier lab with scientific expertise, reliable results, and
outstanding client services for cardiovascular risk, diabetes,
osteoporosis, arthritis, and inflammatory diseases. For more
information, contact Pacific Biometrics, Inc. at (800) 767-9151 or visit
www.pacbio.com.



Mr. Scott Fuson 
Vice President for

Specialty Chemicals
Global Executive

Director for the Life
Sciences Industry

Dow Corning Corp.

Q: Please explain how you are
going beyond silicones?

A: We’ve always been good at perfecting
science at the molecular level. Now, in
addition to making the molecule better, we’re
using our technology and expertise to make
our entire offering better by strengthening
our customers’ offerings. We’ve broken away
from the notion that innovation means “new
products.” This doesn’t mean we’re
deemphasizing products, because that’s what
we make and sell. It’s really more about

augmenting our product concepts and
existing products by finding additional ways
to innovate to serve the customer. 

To do that, we take an outside-in
approach. This involves first working to
understand the needs and challenges of
customers and identifying any emerging or
unmet needs. Then we consider ways we can
help customers deliver on their own brand
promises, as defined by the market and the
customer.

Offering solutions requires deep
customer relationships, based on trust and

WW
ith more than 40 years of experience in the healthcare industry,

Dow Corning Corp. provides a range of materials that includes

soft filling elastomers, high-consistency rubbers and liquid

silicone rubbers, bonding, pressure-sensitive and soft skin adhesives, medical-

grade tubing, polyurethane potting compounds, fluids, emulsions, and

dispersions. Headquartered in Midland, Michigan, Dow Corning is equally

owned by The Dow Chemical Company and Corning Incorporated. More than

half of Dow Corning’s annual sales are outside the United States.  Drug

Delivery Technology recently interviewed Scott Fuson, Vice President for

Specialty Chemicals, and Global Executive Director for the Life Sciences

Industry for Dow Corning. He shared how his company is going beyond silicon-

based technology, where it is the industry leader, to being a customer-focused

partner, innovator, and solutions provider.

“Offering
solutions requires
deep customer
relationships,
based on trust and
confidence. Also,
customers must be
certain that you
are truly prepared
and capable of
addressing a wider
range of their
needs. Our sales
staff listens to
what the customer
is trying to
achieve and offers
recommendations
in areas where our
expertise and
experience can
support their
goals.”

DOW CORNING: GOING BEYOND THE
SILICONE MOLECULE
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confidence. Also, customers
must be certain that you are truly
prepared and capable of
addressing a wider range of their
needs. Our sales staff listens to
what the customer is trying to
achieve and offers
recommendations in areas where
our expertise and experience can
support their goals. We also learn
about opportunities by talking
with others inside and outside of
customer companies to gain a
better understanding and
perspective of the macro issues
they face.

Q: How do you prepare
your team to “go
beyond”?

A: We ensure that employees
know we’re all responsible for
innovation. It’s not only the
responsibility of our R&D staff.
We recently conducted a survey
of our customers across the
globe, and asked them who in
their companies is responsible
for innovation. Thirty-seven
percent indicated that all
employees are responsible for
innovation. We certainly agree.
In a similar poll at Dow Corning,
almost 100% of our employees
believe they are responsible for
innovation. This response is
indicative of our corporate
culture of encouraging new ideas
and collaboration.

It’s important for companies
to build on their own unique
strengths and competencies and
to continuously reinvent
themselves, even when they are
successful. This requires
commitment, flexibility, and a
hard look at your offerings in
light of emerging customer needs
and market opportunities. This
approach has made us think
differently about our business
challenges and to constantly seek
innovations that benefit our
customers – and our customers’
customers.

When combined with our
global business structure that
promotes the sharing of
innovative thinking between
geographies and business units,
this mindset offers several
advantages. One, we are
positioned to take a big-picture
view of the challenges and
opportunities our customers face.
Two, we’re able to respond with
a diverse range of solutions. And
finally, employees are rewarded
for their contributions to
innovation and are therefore
more loyal and engaged. 

Q: How do you ensure
that all interactions
with a customer are
consistent with the
corporate brand
promise?

A: First and foremost, you have
to understand that you can’t
“failsafe” this. Over-controlling
customer interactions can be
detrimental. A good place to start
is by defining the attributes and
drivers associated with your
brand. It’s important to analyze
all touch-points, or instances in
which customers have an
experience with your employees,
products, business partners, or
communications/advertisements,
to ensure you’re providing
customers with experiences that
match their exact needs. Most
importantly, employees have to
be engaged and committed,
because they are the strongest
advocates of delivering the brand
promise. We make it clear to our
employees that everyone is
“customer-facing” – and
therefore, an internal
understanding of our brand is
essential to delivering the brand
promise.



Q: How do you know if
the experience you offer
customers matches each
of their needs and
wants? 

A: The answer is to listen. You
need to listen not only to what
customers tell you in interactions
and on surveys but also to the
types of questions they’re asking
you. Customers are more loyal if
you’re capable of offering them
robust, flexible options that meet
their needs exactly. This requires
employees who assess customer
needs to be quick and nimble –
and prepared to offer
recommendations based on their
experience and expertise.

Everyone associated with
your brand, including business
and channel partners, needs to
understand the importance of his
or her interactions with
customers. At Dow Corning,
we’ve worked hard to understand
how to create customer value,
and our corporate culture
appreciates that our customers’
success is our success.
Understanding the “voice of the
customer” gives us an “outside-
in” perspective on what
customers value. We also
communicate customer successes
throughout the company by
sharing stories from the field to
build confidence and
understanding within our team.

Q: Does innovation
success automatically
translate into increased
revenue? 

A: That’s a natural goal;
however, I would add that margin
growth, even if it does not
immediately translate into
revenue growth, is also an
important outcome of innovation.
Typically, when this happens,
revenue builds over time; it’s not
automatic. The most common
types of margin-boosting
innovations are those targeted at
reducing costs and opening new
markets for products. For this
reason, at Dow Corning,
innovation extends far beyond
research and development to how
we do business, and sustained
revenue and margin growth are
our priority objectives.  

Q: What systems can
companies use to
measure their
innovation levels?

A: All companies need to have
systems in place to evaluate the
impact of their innovation
activities across a number of
areas. These range from new
business models, brands, or
products to financial offerings or
processes. In many cases, these
activities are incremental, not
radical changes, so they don’t

necessarily require the creation of
entirely new processes or
business models. As such, a
company can afford to take on a
number of incremental
innovations at one time. Due to
the broad scope of innovations
often included in a company’s
portfolio, systems to track and
evaluate activities are critical.
Monitoring progress and return
on investment is necessary to
ensure that the innovation
portfolio is balanced.

Q: How can an
organization’s structure
contribute to (or detract
from) innovation
competence? 

A: The structure and culture of
innovation must stem from the
top of the organization, with the
CEO. Innovation needs to be
viewed as an important part of the
company’s overall growth
portfolio. This sets the tone and
can prevent potential concerns
within an organization.
Unfortunately, radical and
disruptive innovation can be
prematurely hindered by the
actions of management and the
corporate culture if the company
is not structured with innovation
in mind.  This requires keeping a
barrier between innovations and
the current business to ensure the
company delivers on its promises,
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and customers’ needs are met. At
Dow Corning, we’ve established
a business and technology
incubator, creating an
environment for these types of
innovation to nurture. There are
instances in which innovation
needs to occur closer to the
current business to ensure the
project is adding value to the
product, and it meets necessary
time requirements.

Q: What criteria best
evaluate the
performance of one
particular innovation?

A: I believe that three criteria
work for understanding the
performance of innovation
activities. The first is “impact,”
which is measured by revenue
and margin growth. The second
is “return,” which we measure as
return on investment in terms of
revenue and margin years after
the innovation starts to produce
revenue. The third is “success
rate,” which involves evaluating
the portfolio and activities and
gauging the actual impact versus
predictions made at different
points throughout the project’s
evolution process. This is more
of a real options look, not a net
present value analysis of the
portfolio.

Q: How do you view
partnerships as a way
to “go beyond”? 

A: A partner brings something
that we don’t have – a
technology, a position in the
value chain, or expertise that
would take too long for us to
learn. We know a little about that
– Dow Corning was formed 60-
plus years ago when The Dow
Chemical Company and
Corning, Inc. agreed to a 50/50
joint venture and shared the risk.
We look at partnerships the same
way. We enter them when we
can’t get the same value by
ourselves. We work closely with
a number of business partners
and customers who want to
invent state-of-the-art products,
create advanced technologies, or
develop new markets. Like us,
they seek advances, even
breakthroughs, in the creation of
technical or market positions that
currently don’t exist.

It’s important to have
relationships with companies
that have similar cultures and
values. It is often more
productive to work together on
joint development rather than
separately, so we seek
collaborations with business
partners and customers as
models for how innovation can
be moved forward. 

In many cases, we share the
learnings and value generated

through the partnership between
the two companies. We
determine the value of selling
our products as well as the value
for our customers or partners in
selling their products or
advancing our joint business
activity. We don’t necessarily
share the value of the final
product or put everything into
one pot, because, when it’s a
brand new application or market,
you have no reference point.

Q: How do you help
customers establish a
robust quality system?

A: As a result of global
initiatives, pharmaceutical
manufacturing is currently
transitioning from an art to a
science. Also, pharmaceutical
product suppliers increasingly
are being asked to design quality
into their products. As a global
supplier of healthcare materials,
Dow Corning works closely with
customers to ensure these end-
users have access to a wealth of
technical expertise, technical
data, and bio-safety information.
Opportunities for exchange of
information with our customers
facilitates the qualification
process and helps end-users
ensure they are using the optimal
products for their applications.
Our industry offering includes
adhesives, excipients, silicone
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tubing, biopharmaceutical, and
pharmaceutical products.
With additional regulatory and
quality requirements for active
and inactive pharmaceutical
ingredients, it’s increasingly
important for suppliers to stay
abreast of regulatory trends while
partnering with pharmaceutical
manufacturers to understand and
meet their product needs. 
Emerging regulatory trends for
pharmaceutical products continue
to focus on topics, such as global
harmonization, process analytical
technology (PAT), good
manufacturing practices (GMPs),
quality by design, science-based
regulations, and risk-based
pharmaceutical assessments.
These initiatives challenge
healthcare manufacturers to build
quality and safety into their
products from initial development
and design through manufacture,
launch and post launch
surveillance. As a result,
pharmaceutical manufacturers
continue to place high
expectations for improved raw
material quality and safety on
their suppliers. They are asking
them to help define and build the
proper level of controls into their
manufacturing and distribution
operations.

Q: What role do Good
Manufacturing
Practices play in today's
global marketplace? 

A: It is important to select
products from a manufacturer
that follows appropriate good
manufacturing practices (GMPs)
so that users can meet their
requirements for safety, identity,
quality, and purity. Appropriate
GMP elements should be
implemented for the entire
manufacturing and packaging
process — in our case, from
silicon to silicone. If safety,
quality, or purity comes into
question, manufacturers should
be able to easily and fully
document the integrity of the
materials from the supplier.

To ensure that these are
maintained as pharmaceutical
products become more numerous
and complex, regulatory agencies
around the world are
systematically reappraising their
approaches and are moving more
toward risk-based decisions,
science-based policies, and
standards. They are also seeking
integrated quality systems,
international harmonization, and
strong public protections.
At the same time, greater
attention is being paid to
guidelines, standards, and
specifications and their role as
blueprints for producing quality
products that perform a specific

function and ensure both efficacy
and safety for patients. Although
the ISO 9000 family of quality
management standards has
earned a worldwide reputation as
a quality management system and
delivers a valuable framework for
quality, the standards mainly
focus on the “what” rather than
the “how” and the end result. In
today’s environment, it is
essential for the healthcare
industry to be able to manage and
trace materials used in products
throughout the entire supply
chain.

For example, Dow Corning is
unique as a supplier because of
our integrated supply chain. We
produce both silicone elastomers
and silicone tubing at a site
registered and audited by the
United States Food and Drug
Administration. This approach
provides complete traceability
from polymer compounding
through tubing manufacture,
under a quality system based on
both ISO 9001:2000 and critical
principles of GMPs. u
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Intranasal Insulin — 
A Potential New Treatment
Modality for Diabetes Mellitus
By: Robert M. Stote, MD, FACP

Senior Vice President & Chief Medical Officer, and 
Fred Feldman, PhD
Vice President of R&D, Bentley Pharmaceuticals, Inc.
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Introduction
Diabetes mellitus is fast emerging as

one of the most serious health problems
facing society today.1 As the United
Nations’ World Diabetes Day approaches
on November 14, governments worldwide
are acknowledging that, for the first time,
a non-infectious disorder may now pose as
serious a threat to global human health as
major infectious diseases.

Diabetes results from the loss of the
body’s natural ability to produce and use
insulin to maintain normal levels of blood
glucose. Either the body produces no or
insufficient insulin (type 1 diabetes), or the
body cannot use the insulin it produces
effectively (type 2 diabetes). The vast
majority of cases (greater than 90%) are
type 2. According to International
Diabetes Federation estimates, roughly 246
million adults worldwide have diabetes.
This number is projected to reach 380
million by 2025, representing more than
7% of the world’s adult population.2

In the United States, it is estimated
that nearly 21 million adults have diabetes.
Of the total number of US adult diabetics,
approximately 15 million have been
diagnosed with the disease. The remaining
6 million adults face its potentially
devastating effects, but have not been
diagnosed and are not being treated.3

Equally alarming is the fact that
approximately 54 million people in the
United States have pre-diabetes, a
condition that raises the risk of an
individual developing type 2 diabetes,
heart disease, and stroke.4 Some people
with pre-diabetes have blood glucose
levels higher than normal but not high
enough to be classified as diabetics. This,
combined with the nearly 21 million
Americans who already have diabetes,
means that approximately 25% of the US
population is at risk for diabetes-related
complications.5

Conventional Treatment  
Because diabetes stems from

problems with the production and supply
of insulin in the body, insulin — delivered
externally through subcutaneous needle
injection — has been a primary means of
maintaining blood glucose control since its
discovery in 1922. The use of insulin is
also very important for type 2 patients
who are not adequately controlled on oral
diabetes medications alone.  

Insulin injection therapy aims to
deliver through external intervention what
a non-diabetic body produces on its own.
Delivering the right amount of insulin at
the right time maintains blood glucose
levels at near normal levels, limiting
severe long-term complications, such as
blindness, kidney failure, and decreased
wound healing. An excess of insulin,
however, lowers glucose levels too rapidly,
which may lead to hypoglycemia, a
potentially dangerous short-term condition
that can leave patients disoriented and at
risk for seizure, coma, and death.6

Treatment is further complicated by
psychological barriers that cause patients
either to not begin or not adhere to their
insulin regimens, including concerns about
weight gain, hypoglycemia, and
needle/injection phobia. Collectively, the
reluctance to begin or maintain a lifetime
insulin injection regimen has been termed
“psychological insulin resistance.”7

Current treatment progression typical
for a type 2 diabetic includes the
introduction of lifestyle modifications
followed by the use of oral antidiabetic
drugs, and then insulin injection therapy as
a final step. Because of the time required
to implement this stepwise approach,
many patients will have had the disease for
years and may have already developed
complications.8

And although numerous studies have
indicated that more effective glycemic
control can significantly delay the progress
of diabetes complications, approximately
50% of type 2 patients are not adequately
controlled using a single oral therapy

alone.9-13 Many of these patients could
benefit from a shift to insulin at this point
in their treatment. However, they resist
initiating a potentially valuable therapy
and/or become non-compliant because of
their aversion to injections.14-16 A non-
invasive delivery modality that avoids the
anxiety of injections and encourages
earlier adoption of insulin therapy has the
potential to result in better blood glucose
control and more favorable long-term
outlooks.

The Alternative Insulin
Delivery Landscape 

Finding alternatives to insulin
injection has been a major focus for the
drug delivery industry. While transdermal
insulin systems have shown promise and
true oral delivery remains an area of
significant interest, pulmonary delivery
has moved ahead most aggressively with
pharmaceutical development efforts.

Interest in delivering insulin via
inhalation dates back to the 1920s, based
on the lung being a large microvascular
organ with a well-perfused surface for
absorption as a potential target for delivery
of therapeutics.17 Several major
pharmaceutical companies began
developing inhaled insulin delivery
systems. 

Only one of these products has
reached commercialization so far — the
Exubera® Pulmonary Insulin Delivery
System (Pfizer Pharmaceuticals and
Nektar Therapeutics), which delivers
insulin as a granulated powder to the deep
lung and was approved by the FDA in
2006 for use in adults with both type 1 and
type 2 diabetes. Observations of
pulmonary lung function effects raised
questions about long-term chronic
pulmonary impacts, and patients entering
enrollment require lung function testing
with recommended periodic monitoring.
Recent reports indicate that abnormal lung
function effects disappear when use of the
product is discontinued, but return when
pulmonary treatment resumes.18,19
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Several other products targeting
pulmonary delivery are in Phase III trials
and include the AIR® Inhaled Insulin
System (Eli Lilly and Co. and Alkermes
Inc.), the AERx® Insulin Diabetes
Management System (Novo-Nordisk and
Aradigm Corp), and Technosphere® Insulin
(MannKind Corp.). All of these products
consist of specifically formulated insulin
delivered in a custom-designed inhaled
delivery device.  

The Intranasal Approach
to Insulin Delivery

Since the 1980s, there has been a
great deal of interest in the prospect of
delivering insulin via the nasal mucosa.
Drugs entering the nasal cavity are readily
absorbed across the highly vascularized
nasal mucosa directly into the circulatory
system, avoiding hepatic first-pass
metabolism and completely bypassing the
lungs. For many drugs, intranasal delivery
can provide for a fast rate of absorption
and a rapid onset of action. Intranasal
delivery is especially attractive for
compounds, such as proteins and peptides,
which would normally have to be injected. 

With these evident benefits, the nasal
mode of insulin delivery could be a more
reliable method of maintaining glycemic
control. It could also prove to be more
convenient to use compared with larger
sized inhalation devices and as a result,
could improve compliance, particularly
with adolescent patients. 

The initial development of a clinically
useful formulation was hampered by the
generally poor bioavailability (1% to 2%)
of this route of delivery, primarily due to
the large size (5800 Daltons) of the insulin
molecule, and by local irritation caused by
these early formulations.18-20

Permeation
Enhancement to
Improve Bioavailability

In the past 2 decades, a number of
agents were investigated for use as
absorption enhancers to improve
bioavailability in the development of
intranasal insulin formulations. Without
these absorption-enhancing agents,
bioavailability was poor (1% to 2%).
Following the addition of absorption
enhancers to the formulation,
bioavailability improved, with studies
indicating systemic absorption as high as
10% to 15%.21 However, the agents
employed at the time — bile salts and
derivatives, surfactants, fatty acids and
derivatives, and various bioadhesive
excipients — caused significant nasal
irritation and compromised chronic use.22-25

An alternative permeation enhancer
explored by Bentley Pharmaceuticals, Inc.
was cyclopentadecalactone (CPE-215®), a
compound that occurs naturally in plants
(Angelica archangelica). CPE-215 has
been a common additive in the food and
cosmetic industries and is considered by
the FDA to be a GRAS (generally
recognized as safe) reagent for use in food
and cosmetics. It appears to be
significantly different from other
compounds tested and does not appear to
irritate the epithelial tissue of the nasal
passage. This permeation enhancement
technology was initially validated with
small molecules, specifically testosterone,
in a gel formulation that incorporates
Bentley’s CPE-215 excipient. The product,
Testim®, was licensed to Auxilium
Pharmaceuticals, Inc. It demonstrated
significant improvement in testosterone
dermal delivery and was approved for
clinical use in the United States in early
2003. Testim has also been approved for
clinical use in Canada and 15 EU
countries. 

Additional studies indicated that the
technology could be extended beyond this
small-molecule application to improve

drug delivery of more complex higher-
molecular-weight (greater than 1000
Daltons) compounds, especially
therapeutic peptides for treatment of
chronic diseases. 

Studies on NasulinTM

Intranasal Spray
Formulation 

Early development work and animal
studies on the insulin peptide (51 amino
acids and a molecular weight of 5800
Daltons) conducted by Bentley indicated
that CPE-215 allowed increased migration
of insulin through the nasal mucosa.26

Bentley’s intranasal insulin formulation,
Nasulin, is an oil-in-water emulsion
formulation of regular short-acting human
recombinant insulin dissolved in sterile
water in combination with CPE-215 with
mild non-ionic surfactants. CPE-215
enables the insulin in this formulation to
pass more quickly through the nasal
mucosa, delivering a larger payload than
has previously been realized by other
delivery systems, but without the nasal
membrane irritation liabilities historically
incurred by other methods. It is stable
under refrigerated conditions for up to 2
years and stable at room temperatures for
1 month or more. This intranasal insulin
formulation is administered in a multi-
dose APF (Advanced Preservative Free)
100-microliter dose per spray device that is
compact and easily transportable.  

Animal toxicological studies
conducted by Bentley in two animal
species with three times per day nasal
dosing for 3 months revealed no evidence
of irritation or other pathology in the nasal
mucosa with CPE-215 alone and in
combination with insulin.27 In a study
performed in 2003, the Bentley intranasal
insulin formulation was administered to
eight healthy volunteers in the fasted
state.28 Plasma insulin levels peaked rapidly
after approximately 10 to 20 minutes.
Plasma glucose began to fall after 10
minutes, and reached a nadir 40 minutes





after dosing. A total of 11 doses of 25 IU
were given to the eight subjects; the mean
percent fall in glucose for this dose was
20.5%. This is comparable with the fall
that might be expected following a
subcutaneous injection of approximately 4
IU of insulin.29 These results were
consistent with an estimated relative
bioavailability for the formulation of
between 10% and 20%.

Similar results were obtained in a
subsequent dose escalation study in
patients with type 1 diabetes, using
subcutaneous insulin or placebo as a
comparator.30 The relative bioavailability
of intranasal insulin compared with
subcutaneous regular insulin was 16.6% to
19.8% over 2 hours and 14.0% to 19.8%
over 5 hours. At doses of 25 IU and above,
a rise in serum insulin levels accompanied
by a decrease in plasma glucose was seen.
Peak insulin levels were again generally
attained in 15 to 20 minutes and remained
elevated for approximately 1 hour; the
resultant effect upon glucose peaked at 40
minutes and waned 1.5 to 2 hours post-
dosing. This intranasal formulation was
generally well tolerated, and relatively
well absorbed as demonstrated by a rapid
rise in serum insulin level and
concomitant reduction of plasma glucose
levels.

Most recently, in a placebo-controlled
Phase II pharmacokinetic study in patients
with type 1 diabetes presented at the
American Diabetes Association 67th
Scientific Sessions in Chicago in June
2007, 12 patients receiving Nasulin
demonstrated a more rapid onset of action
than when they received either regular or
fast-acting injectable insulins.31 In
addition, blood sugar levels for 2 hours
after eating in patients treated with
Nasulin were similar to those who
received both injectable insulin
formulations.  

Researchers also presented results
from additional Bentley-sponsored studies
to determine if potential lung function
parameters in smokers had any effect on
the absorption of Nasulin (normal male

smokers versus non-smokers). Nasulin
was absorbed equally in a study of 18
smokers and 18 non-smokers,
demonstrating more rapid onset of action
than Humalog.32

Another study explored if there were
any absorption differences due to the
normal nasal cycles that occur between
nostrils (alternating levels of mild
congestion). When Nasulin was
administered to different nostrils in 12
healthy male subjects, no significant
differences in absorption were noted,
although there was a slight trend in favor
of the mildly congested nostril.33 However,
researchers concluded this difference is
unlikely to be clinically important, and
noted if nostrils are totally blocked, they
should be cleared with gentle nose
blowing before administration.  

Adverse events reported in the
smoking/non-smoking and dominant
nostril studies included a total of four
episodes of hypoglycemia in subjects
receiving the investigational drug. In
addition, some volunteers experienced
transient, mild nasal irritation and/or
watery eyes, which resolved rapidly. These
transient findings were not consistently
present with each dose, and were
generally resolved within 15 to 20
minutes. None of these adverse events
were deemed serious.

Onset of action with Nasulin was
again favorable. In the type 1 diabetes
study, patients’ plasma insulin levels
peaked sooner with Nasulin than with the
very rapid acting Humalog and Humulin
R (20 versus 53 versus 81 minutes).
Compared with Humalog, Nasulin
resulted in a greater decrease in plasma
glucose concentration (AUC) in the first
hour, with Humalog being slightly better
in the second hour.

Bioavailability is a key consideration
in assessing the efficacy of non-injected
formulations of insulin, and the studies
indicated that Nasulin performed well in
this area. When administered to type 1
diabetes patients, the relative
bioavailability of Nasulin versus Humalog

was 17.0% over 1 hour and 8.7% over 2
hours. The relative bioavailability of
Nasulin versus Humulin R was 26.5%
over 2 hours. In addition, the absorption
of Nasulin was not affected by smoking in
the study of normal male smokers and
non-smokers.   

The encouraging results of these
clinical studies demonstrate the positive
pharmacokinetic, glucodynamic, and
bioavailability properties of nasal
administration (Nasulin compared with
injected insulin).  

Summary
For more than 2 decades, the medical

community has been searching for a less-
invasive and patient friendly method for
treating diabetes. Intranasal delivery of
insulin has the potential for significantly
better patient compliance than a routine of
insulin injections and may facilitate earlier
entry into therapeutic regimens for
patients reluctant to administer insulin by
injection, potentially resulting in delayed
onset of diabetes complications. Beyond
diabetes treatment, this technology has the
potential to extend delivery of a number
of other complex molecules that address a
wide variety of metabolic, neurological,
and other serious medical problems. The
technology has now been granted patent
coverage, both for diabetes applications as
well as for intranasal drug delivery of
pharmaceutically active peptides,
peptidominetics, and proteins. n
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Introduction
Following decades of slow growth,

India’s economy is now advancing rapidly.
From 1996 to 2006, its GDP grew at an
average rate of 7% yearly, and this growth
figure increased to 10% in 2006. It is
expected to keep growing at 7% or higher
throughout the next 5 years. With the fourth-
largest economy in the world (as measured by
purchasing power parity), India is finally
coming into its own as a major world
economy. Total medical spending in India is
growing quickly, driven by better-off Indians
willing to pay privately for modern care from
private hospitals. This increased spending
creates many opportunities for foreign
pharmaceutical companies. India’s $9-billion
pharmaceutical market experienced 10%
growth in 2006, and double-digit growth is
predicted to continue through 2012. In
addition, the country’s low labor costs, large
existing pharmaceutical manufacturing base,
and sizable patient population make it an
excellent location for Western companies to
do contract manufacturing, clinical research, 
and R&D.

Demand 
India’s population, the second largest in

the world, should not be described as one big
pharmaceutical market. Most of its 1.1 billion
citizens are rural or low-income and lack even
basic access to Western medicines. The
market, rather, is to be found in India’s
growing middle and upper-classes in urban
areas, such as Mumbai, Kolkata, New Delhi,
and Bangalore. If being in the middle class is
measured by earning at least $1,000 per year,
there may be as many as 100 million potential
customers in India’s major cities. 

India is now going through a public
health transition typical of rapidly developing
countries. Once, ailments such as infectious
diseases, malnutrition, and gastrointestinal
disorders, were the predominant diseases
requiring treatment. Today, however, with
rising incomes, more and more Indians are
able to drink, smoke, and lead more sedentary
lives. As a result, “lifestyle” diseases, such as
cancer and cardiovascular disease, are
receiving more attention. Cases of
cardiovascular disease, for example, are
predicted to increase from 29 million in 2000
to 64 million in 2015, rising to 34% of all
deaths. 

Currently, the dominant drug types on
the Indian market are still anti-infective and 

gastrointestinal. However, the greatest growth
is predicted in coming years for
cardiovascular, oncological, diabetes, and
psychiatric drugs. Because Western
companies have many new and innovative
drugs in these types, which may not be
available generically in India, they are prime
areas of opportunity. 

Healthcare Providers
In theory, much healthcare is available

for free in India. There is a large network of
more than 160,000 public hospitals, clinics,
and health centers at the national, state, and
local levels. However, in practice, these
providers are barely acceptable. Public
facilities are overcrowded and poorly staffed
and funded. Although services are supposed
to be free, patients must often pay for
supplies like bedsheets, bandages, and drugs.
Bribes can also be necessary to get faster
treatment. Almost always, when patients have
the freedom to choose, they will opt for
private hospitals over public.

For-profit private hospital chains, such
as Apollo, Max, and Fortis, have come to
flourish in India over the past 2 decades.
Serving both well-off Indians and medical
tourists from the West, they tend to offer

By: Ames Gross, President, and John Minot, Associate,
Pacific Bridge Medical

 





95

SP
EC

IA
L T

Y
PH

AR
M

A
OC

T O
BE

R
20

07
V o

l7
No

9

much higher standards of treatment with
better staff, training, and equipment. Their
fees, while low by Western standards, are
significant to Indian incomes. In total, the
majority of medical costs in India are paid
for privately and out-of-pocket. It is private
spending, not public, that is the basis of
future growth.

Industry
The Indian pharmaceutical industry has

historically been characterized by a large
number of small factories. There are more
than 10,000 pharmaceutical plants, and only
about 300 are large or medium size.
However, parts of the pharmaceutical
manufacturing sector have developed to
become more competitive in foreign
markets. The Indian API industry had sales
of about $2 billion in 2005, making it the
third-largest producer in the world. More
than 90 Indian factories now have FDA
approval. Global pharmaceutical companies,
such as GlaxoSmithKline, Sanofi-Aventis,
Pfizer, and Abbott, also have their own
manufacturing facilities in India, making use
of low local labor costs.

Despite the traditional focus on
generics, original R&D is becoming a more
practical option in India. This is partly due
to the abundance of trained scientists in the
country. For example, the Indian company
Torrent Pharmaceuticals drew attention in
2004 when it licensed a new cardiovascular
compound to Novartis. Large Indian firms
are also players in R&D. GlaxoSmithKline
has a wide-ranging drug discovery and
development alliance with Ranbaxy.

Finally, India’s low costs, availability of
talent, and large population have made it a
major site for international clinical trials. In
2002, the total clinical trial market in India
was about $20 million. By 2005, this figure
had risen to nearly $100 million. India is
home to more than 100 CROs, as well as
many clinical testing sites of foreign
pharmaceutical companies.

Regulatory Structure
India has a federal form of government,

and the medical regulatory structure is
divided between national and state
authorities. The principal national drug
authority in New Delhi is the Central Drug
Standards Control Organization (CDSCO).

CDSCO is often referred to as the DCGI,
which stands for Drug Controller General
India, the title of its head official. There are
also 35 state-level Food and Drug
Administrations, one for each of India’s
states and territories.

The DCGI registers all imported drugs,
new drugs, and drugs in selected categories.
It also has responsibility for clinical trials
and quality standards. The state FDAs
register all other products, accredit
manufacturing plants, and conduct the bulk
of quality monitoring and inspections. The
Indian cabinet has approved a plan that
would bring all drugs under a new Central
Drugs Authority, modeled on the US FDA.
This may be approved by Parliament in a
legislative session by the end of 2007, but if
so, it will be phased in over time.

The DCGI has a shortage of reviewers,
often relying on outside experts to provide
opinions. To pursue regulatory approvals
effectively, a company must use a regulatory
professional with significant experience in
applications for foreign companies. This
professional must also be in a position to
spend a significant amount of time in New
Delhi (where the DCGI is located) following
up on applications.

Most of India’s pharmaceutical product
policy is governed by the Drugs and

Cosmetics Act (DCA). The DCA was first
enacted in 1940 and has been amended
many times since then.

New Drug Registration
Drugs count as “new drugs” in India if

they fall into one of the following categories:
1) drugs never marketed in India; 2) drugs
with new therapeutic purposes or dosages
that have not been marketed in India; 3) new
fixed-dose combinations of two or more
drugs; and 4) any drug that was first
approved in India less than 4 years ago,
unless it is included in the Indian
Pharmacopoeia. Also, all vaccines are
treated as new drugs, unless notified
otherwise by the DCGI.

New drug registration is applied for
officially in Form 44. The required
attachments to the form vary depending on
the type of new drug. All submissions
require basic dosage and indication
information, test specifications of active and
inactive ingredients, listing of any applicable
patents, and the raw material manufacturer.

Finished drugs with new active
ingredients that have never been marketed in
India require full preclinical and clinical
testing information. These fall into the
following categories: chemical and

Table 1.  Asia Pharmaceutical Markets, 2006

CCOOUUNNTTRRYY MMAARRKKEETT SSIIZZEE
((UUSS$$))

JJAAPPAANN $ 55 BILLION

CCHHIINNAA $ 20 BILLION

IINNDDIIAA $ 8.8 BILLION

KKOORREEAA $ 6.3 BILLION

TTAAIIWWAANN $ 2.5 BILLION

HHOONNGG KKOONNGG $ 1.5 BILLION

TTHHAAIILLAANNDD $ 1.5 BILLION

SSIINNGGAAPPOORREE $ 400 MILLION

IINNDDOONNEESSIIAA $ 350 MILLION

PPHHIILLIIPPPPIINNEESS $ 300 MILLION

MALAYSIA $ 210 MILLION
Data compiled by Pacific Bridge Medical
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pharmaceutical information; animal pharmacology; animal
toxicology; human clinical data from Phases I, II, and III;
bioavailability and bioequivalence; and other special
studies as appropriate. In addition to information on safety
and efficacy, the DCA also requires comprehensive
information on the marketing status of the drug in other
countries. Information must be provided for any countries
where the drug has marketing approval, investigational
new drug approval, or has been withdrawn or rejected.
Prescription information, samples, and testing protocols,
and the proposed product monograph, labels, and cartons,
must also be submitted.

It is possible to relax some of the requirements on a
case-by-case basis, especially in the category of animal
toxicology. This relaxation can be requested if a drug has
been marketed for several years in other countries and its
safety has been well-demonstrated. However, tests for
animal pharmacology and animal toxicology are defined
very closely in Schedule Y of the DCA, all the way down
to the species and exact numbers of animals to be used in
each test.

New fixed-dose combinations, new dosages and
indications, new bulk drugs, and anything that was first
approved less than 4 years previously, have significantly
fewer requirements in the new drug process. They all
require chemical and pharmaceutical information,
including stability studies and testing specifications, as
well as package inserts and labels. Anything taken orally
requires bioavailability, bioequivalence, and comparative
dissolution data. Anything taken by intravenous infusion
or injection requires sub-acute animal toxicity data. New
indications, dosages, or fixed-dose combinations require
therapeutic justification that satisfies the DCGI of their
safety, which can vary case by case and requires
consultation and coordination. New drug registration has a
fee of 50,000 rupees, or about $1,200. There is no fixed
time frame in which the application has to be reviewed,
but a typical range is about 12 to 18 months.

Clinical Trial Approval
Clinical trials are also applied for in Form 44, the same form used

for new drug approval. Much of the same information as for new drug
approval must be included, with the exception of reports on clinical
trials that are still in the future. The Investigator’s Brochure, study
objectives and rationale, case record forms, informed consent
documents, list of study locations, sponsor authorization letter, etc.
must also be attached.

However, in late 2006, the government clarified additional
information that should be submitted in the case of simultaneous
global trials. In addition to normal Form 44 information, this includes
a list of all worldwide trial sites and numbers of subjects at each site,
all serious adverse events reported from other sites, and the status of
the trials at other sites.

Phase III clinical testing generally must be conducted in India to
receive new drug approval. This can only be waived in occasional
cases, typically when the government is interested in a product for 

public health reasons and there is ample foreign data. A previous rule
was that for drugs discovered in foreign countries, Phase I trials could
not be conducted in India unless they were supplementary to Phase I
trials that had been completed elsewhere. However, the new rules in
late 2006 also allowed first-time Phase I trials in India as long as they
are conducted simultaneously to other foreign Phase I trials.

Import Drug Registration
All drugs to be imported in India require their own import

registration. This is independent from new drug registration. New
drugs to be imported into India must first be registered as new drugs
under Form 44 and then as imported drugs under Form 40.

The contents of Form 40 are fairly routine, but are still
substantial. There is some overlap with the new drug application
contents. Because clinical testing results are fully provided in new drug
applications, they need only be summarized for form 40. However,
information on regulatory status in other countries, GMP certification

Marketed in India before? 

Yes 

No
Marketed in India for at least 4 
years or in Indian Pharmacopoeia? 

Obtain registration to conduct 
clinical trials on new drug
(Form 44) 

Clinical trials (at least 
Phase III; frequent reports 
to DCGI)  

Obtain new drug registration (Form 44) 

Obtain import registration certificate 
(Form 40) 

Obtain copy of manufacturing/distribution license 
from India office/distributor 

Yes No

Active ingredient price-controlled? 

Obtain import license (Form 8 in most cases) 

Yes 

Ready to market 

Apply fixed 
price or request
new price from 
NPPA

No

FLOWCHART: Importing Drugs





of the manufacturer, and items such as
stability data, manufacturing methods,
toxicity tests, bioavailability and
bioequivalence, batch testing certificates, and
inserts and labels must be included in full.

The process of receiving import
registration can take up to a year, and it must
be done after new drug registration. When
import registration for a drug is available, a
simple import license can be applied for,
which is needed to actually let the drug in
through customs.

Manufacturing
Most manufacturing is licensed by state

FDAs, but new drugs, blood products, sera,
and vaccines require approval from the
DCGI. Manufacturing permission is fairly
simple compared to new drug approval. In
addition to basic information on the site,
information must be furnished that the drug is
being made to therapeutically justified
specifications, and has new drug approval if
appropriate. A GMP standard has also been
recently implemented, under the name of
“Schedule M.” This may drive out many
smaller drug manufacturers as it is enforced
more strictly.

Intellectual Property
Issues

Since 1970, in an effort to develop the
local pharmaceutical industry, India’s patent
laws were changed to allow pharmaceutical
processes to be patented, but not
pharmaceutical substances. This made it
completely legal to copy patented drugs, as
long as they were made by a slightly different
method. This led to the rapid development of
small-scale bulk drug and formulation
manufacturers in India. As a result, it became
extremely difficult for Western
pharmaceutical drug companies to succeed
there.

However, when India joined the World
Trade Organization in 1995, it committed
itself to remedying its patent system to
comply with international norms within 10
years. In 1999, a provisional system allowing
marketing exclusivity was created, and
finally, in 2005, the patent laws were
amended to allow product patents as well.

Intellectual property rights are still
comparatively weak in India, making it
difficult to enforce patent protections.

However, it is widely believed that a corner
has been turned. India’s large domestic
companies, such as Nicholas Piramal,
Ranbaxy, and Dr Reddy’s Laboratories are
increasing their research and development
budgets in order to compete under the new
patent regime. Global pharmaceutical firms
have also been using the judicial system to
prosecute infringers. The patent change has
helped build confidence among Western
companies that India is now worth the effort.
For example, Bristol-Myers Squibb and
Merck, which had terminated some of their
Indian presence in the 1990s, returned in
2004 and 2005, respectively, citing the
improved business and IP environment.

However, the new patent regime does not
apply retroactively. Drugs discovered before
1995, even if patented elsewhere, are still
copyable. Also, the new system only allows
for the patenting of drugs discovered after
2005, when the system was implemented.
New indications for drugs are not patentable,
and neither are new chemical forms of
existing substances unless they increase
efficacy. This is why, if foreign
pharmaceutical companies want to enter the
Indian market with proprietary drugs, they
should focus on bringing new drugs into
India. These are the drugs that can be
patented locally, brought first to market, and
hopefully protected in court.

Summary
With a nontransparent regulatory system,

fragmented geographic markets, and much
local competition, India is not a place where
easy success can be expected. However, its
burgeoning economy, greater market
openness, and the improved patent regime
have altered the playing field. The potential
of India for R&D, manufacturing, and sales
now outweighs its drawbacks in many cases.
Although India’s business environment has
improved greatly throughout the past decade,
it is still a very complex country to operate
in, and many obstacles can appear along the
way. Due diligence and careful selection of
regulatory professionals and business partners
is essential to succeed there. n

To learn more, please see PBM’s India
Pharmaceutical Regulatory Report at

www.pacificbridgemedical.com.

Mr. Ames Gross is President and Founder of
Pacific Bridge Medical (PBM) and is
recognized nationally and internationally as
a leader in the Asian medical markets.
Established in 1988, PBM is a consulting
firm that assists medical companies with
business development and regulatory
issues in Asia. PBM has helped over 200
medical companies in Asia. Mr. Gross is a
frequent contributor of articles on Asian
medical issues for Medical Device and
Diagnostic Industry (Los Angeles), Clinica
(England), and other medically oriented
journals. Mr. Gross is often a featured
speaker at the Regulatory Affairs
Professionals Society conferences, the
Asian medical markets at the Medical
Design and Manufacturing shows, the
National Electrical Manufacturing
Association meetings, and the Medtrade
Home Health Care Exhibition, among
others. Prior to establishing PBM, Mr. Gross
gained broad experience, knowledge, and
contacts in Asia while working at three
major Wall Street firms. Mr. Gross earned a
BA degree, (Phi Beta Kappa) from the
University of Pennsylvania and an MBA from
Columbia University. To purchase his
comprehensive report on Orphan Drugs in
Asia, please see the Publications for Sale
section on his website
(www.pacificbridgemedical.com).

Ames Gross

President & Founder 
Pacific Bridge Medical

John Minot

Associate
Pacific Bridge Medical

Mr. John Minot is an Associate at Pacific
Bridge Medical. Mr. Minot has extensive
experience working on research and writing
projects focusing on various pharmaceutical
market segments.
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Q: What makes the company attractive as
a potential partner or one in which to
invest?

Dr. Grint: We were able to raise $100 million in a

Series C financing late last year, which solidified our

financial position. Our current focus is to continue to

advance our preclinical and clinical pipeline, as well as

to find potential corporate partners that will bring long-

term value. In 2006, we entered into a partnership with

Alcon in the area of novel therapeutics for

ophthalmology applications. We are looking to build

upon this with a limited number of substantial, multi-

product, multi-year collaborations with other

pharmaceutical companies. 

Dr. Heyman: Many pharma companies have big

gaps in their pipelines because too few compounds have

been taken into the clinic in a timely and cost-effective

way. What makes Kalypsys unique is that we’ve built an

organization that allows us to generate high-quality

INDs in a very efficient, cost-effective way. We have all

the pieces that a pharma company might have — a

product pipeline that is very strong and investors who

are willing to let us do what we’re good at. Also, we’re

unique because we focus on therapeutic areas that are

significant and large in terms of patient numbers:

specifically, metabolic disease and pain and

inflammation. These markets are very attractive to Big

Pharma. 

Executive
Summary

Kalypsys: Focusing on the
Complexities of Diseases 
By: Cindy H. Dubin, Contributor

SP
EC

IA
LT

Y
PH

AR
M

A
OC

TO
BE

R
20

07
Vo

l7
No

9

Kalypsys is a drug discovery company formed in 2001

based on integrating an ultra-high throughput

screening technology from the Genomics Institute of the

Novartis Research Foundation with small-molecule

discovery. Using the technology as a base, Kalypsys

leaders built a drug discovery organization capable of

taking an idea from target to clinical trials in a rapid and

efficient manner without sacrificing quality. The company

is supported by investors with interest in its long-term

development, which is evidenced by a $100 million Series

C financing in November 2006. Today, Kalypsys has

clinical programs in metabolic diseases and pain and

inflammation. Two of its programs, KD3010 and KD7040,

are currently in Phase I trials for metabolic disease and

neuropathic pain, respectively. Paul Grint, MD, Chief

Medical Officer and Richard Heyman, PhD, Senior Vice

President, Drug Discovery, Kalypsys, recently discussed

with Specialty Pharma magazine that the company is

focused on building value through advancing existing and

new programs and on establishing strategic partnerships.

Richard Heyman, PhD

Senior Vice President, Drug Discovery
Kalypsys

Paul Grint, MD 

Chief Medical Officer,
Kalypsys
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Q: How is the company unique from a technology
perspective?

Dr. Heyman: We’re constantly trying to improve our

technology, our competitive edge, and the entire drug

discovery process. The ultra-high throughput screening

Kalypsys systems that we use today have gone through many

iterations of improvements since 2001. We have also sold

these systems to organizations, including Merck, the National

Institutes of Health, and The Los Alamos Labs. Of note, this

provides us with revenue that we can use to fund our internal

programs. To continue this evolutionary process, we recently

partnered with Panasonic to develop the next generation of

life science tools. It says a lot that a multi-billion dollar

international company like Panasonic chose to partner with

Kalypsys as Panasonic enters the life sciences field.

Dr. Grint: We have the technology and an infrastructure

to fully integrate it into our discovery operations. We run

many pieces of the process in parallel as opposed to in series

and recruit people out of academia, biotech, and pharma who

can utilize it in a very entrepreneurial and robust manner. We

generate tremendous quantities of data and information that

we use to make well-informed, data-driven decisions to

advance or stop programs. 

Q: What is Kalypsys’ therapeutic focus?

Dr. Heyman: We made a strategic decision to focus on

therapeutic areas where there are unmet medical needs in

large markets, namely metabolic diseases and the pain and

inflammation space. Heart disease is the number one killer in

Western society, and diabetes and obesity are considered

pandemic diseases. If we don’t change our lifestyle or come

up with new treatments, children born today will have a lower

life expectancy than their parents. There is a huge need for

new and effective therapies and one of the unique things that

we’re trying to do with our drugs is to develop agents that

target multiple risk factors — for example, in diabetes,

obesity, and heart disease. 

Dr. Grint: When we design clinical trials in metabolic

diseases, we don’t go after just cholesterol or glucose alone,

but many aspects of these complex diseases as well. We’re

also going after diseases that impact the baby boomers. As the

population ages, we believe we can have an impact in the area

of acute and chronic pain and inflammation.  

Q: Can you discuss for our readers the
company’s business model?

Dr. Heyman: We have built a comprehensive

infrastructure with preclinical and clinical discovery and

development. This infrastructure can be scaled up and still

maintain high efficiency and productivity. Therefore, having

investors with a long-term vision has allowed us to build

Kalypsys in a unique way. Sometimes a company can back

itself into a corner and partner everything, but our investors

are committed to building value and partnering smartly. The

way that we have structured the company, we could almost

have an exit for our investors by selling off or partnering a

piece of the business and creating value without selling the

entire lead asset or the company.

Dr. Grint: We’ve always talked about our desire as a

company to drive our molecules to clinical proof-of-concept

and get to a point at which we create value for potential

partnerships. As we get closer, we’ve started to have

discussions as a company about what’s next. The ability to

maintain a diverse pipeline will be a big component for our

future.

Q: What has been the most difficult challenge
in transitioning the drug discovery field?

Dr. Heyman: From day one, we built an integrated drug

discovery process on top of the screening technology.

Additionally, we brought in (and continue to bring in) revenue

by selling instrumentation on the systems business. We built a

front end that rapidly and efficiently generates high-quality

compounds and INDs. One challenge has been to balance the

components in a manner that continues to generate revenue.

That has been alleviated by investors who have long-term

interests in the company and let us continue to focus on R&D

instead of constantly traveling, looking for our next

investment dollars. 
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Dr. Grint: Evolution is the best word for what we’ve gone

through. We’ve always been a drug discovery company, and one

of the most difficult challenges has been to not replicate the

usual way that pharma and biotech companies operate. We have

great tools and know how to maximize the output. We have

been able to improve our operations in a rapid way that larger

companies cannot easily achieve. 

Q: Can you outline the business approaches
that are being taken to enrich the company’s
pipeline? 

Dr. Grint: Our pipeline is entirely home grown, and there is

no need to augment it through licensing at the present time. As I

mentioned previously, we are looking for a limited number of

substantial partnerships. By having a group of educated

investors, we can enter into a shared risk, shared reward model.

Dr. Heyman: We’re looking to create value both in the

short- and long-term by building this type of business model. We

want to share in the reward, and therefore, we’re also willing to

share in the risk. For this reason, we’re open to creative business

structures and looking to a limited number of deals that create

value for both us and our partners. 

Q: What is the status of product development
and market potential? 

Dr. Grint: We have two Phase I clinical programs

underway. The first, KD7040, is a topically administered

inhibitor of inducible nitric oxide synthase (iNOS) being studied

for treatment of neuropathic pain. The other, KD3010, is an oral

agonist of peroxisome proliferator-activated receptor-delta

(PPAR) that we’re evaluating for treatment of metabolic

diseases, such as lipid disorders and diabetes. Our plans are to

advance KD7040 to Phase II in the fourth quarter of this year

and KD3010 to Phase II in 2008. 

Dr. Heyman: We also have plans to advance other

programs into the clinic next year and keep our early-stage

pipeline strong. We’re looking for new programs that

complement and balance with our existing portfolio in

metabolic and pain and inflammation, where the market

potential in both is big and growing. 

Q: Please discuss your long-term
goals/objectives for the company.

Dr. Heyman: A key goal is to maintain our preclinical

pipeline while advancing to the proof-of-concept stage with our

current clinical pipeline. We’d also like to build a commercial

piece and develop partnerships, both of which will create value

and mitigate risk for Kalypsys. 

Dr. Grint: In addition, we are advancing our technology in

conjunction with Panasonic. We plan to introduce new screening

systems as we continue to leap frog over past successes. Today, we

have a robotics screening system that doesn’t look like the one we

had 3 years ago, and it’s not going to be the same in 5 years’ time.

We believe the partnership with Panasonic is a significant way to

help us stay on the cutting edge in the instrumentation arena.

Q: What is the one mistake you must avoid
going forward?

Dr. Heyman: To build a sustainable pipeline, we need the

right people, investors, science, and technology. Drug discovery

is an arduous journey, and we need to make sure we’re not just

good in one of those areas and bad in another. At the same

time, we know not to stray from what we’re good at and won’t

throw away our technology base. 

Q: Does anything keep you awake at night?

Dr. Grint: This is a risky business. To navigate it properly,

a number of things need to occur in unison because there are

many moving pieces, including great talent, investors, attention

to detail, and execution in a cost-effective and timely manner. 

Dr. Heyman: Keeping all of these pieces moving in

unison is critical so that none become a rate-limiting step, but

we’ve had success with it so far, and we’re confident we will

continue to do so. n





Company                 Pg         Phone                       Web Site

3M Drug Delivery Systems
Aveva DDS
Azopharma
BD
Bilcare
Bilcare
Capsugel
Catalent Pharma Solutions

Coating Place, Inc.
Degussa
Dow Corning
DPT Labs
Drug Delivery Partnerships
DSM Pharmaceuticals
Eurand
Excipientfest
Frost & Sullivan
Genzyme Pharmaceuticals
Glatt Pharmaceutical Services
Halozyme
Hospira 
InnerCap Technologies
IOMED
Lablablo
Lipocine Therapeutics 
Nektar Therapeutics
NOF Corporation
Northern Lipids
Pacific Bridge Medical
Pacific Biometrics
Particle Sciences 
Penwest Pharmaceuticals
Pfeiffer
PharmaCircle
PharmaForm
RDD (Respiratory Drug Delivery) 
Scolr Pharma, Inc
Weiler Engineering
Zeon

5
55
4
23
25
89

15, 96

108

43
13
2

107
105
91
9
61
98
45
51
47
37
3
27
14
17
94
49
20
16
35
4
39
29
19
11
103
7
31
21

800-643-8086
954-624-1374
954-433-7480
800-225-3310
610-935-4300
800-310-4445

866-720-3148

608-854-9521
732-981-5383
989-496-4000 

1-866-CALL-DPT

973-257-8011
937-898-9669
787-746-5080

800-868-8208
201-825-8700
858-794-8889
224-212-2267
813-837-0796
801-975-1191

801-994-7383

914-6819790
604-222-2548
301-469-3400
206-298-0068
610-861-4701
203-796-3700
609-987-0223
847-729-2960

512-834-0449 Ext 201

425-373-0171
847-697-4900

1-877-ASK-Zeon

www.3m.com/dds 
www.avevaDDS.com          
www.azopharma.com 
www.bdpharma.com 

www.bilcare.com 
www.bilcare.com 

www.capsugel.com 

www.catalent.com 

www.encap.com 
www.pharma-polymers.com 
www.dowcorningnow.com 

www.dptlabs.com 
www.drugdeliverypartnerships.com 

www.dsmpharmaceuticals.com 
www.eurand.com 

www.exceipientfest.com 
www.frost.com 

www.genzymepharmaceuticals.com 
www.glattpharmaceuticals.com 

www.halozyme.com 
www.hospira.com 
www.innercap.com 
www.iomed.com 
www.lablabo.com 
www.lipocine.com 
www.nektar.com 

www.nof.co.jp/dds 
www.northernlipids.com 

www.pacificbridgemedical.com 
www.pacbio.com 

www.particlesciences.com 
www.penw.com 

www.pfeiffer-group.com 
www.pharmacircle.com 
www.pharmaform.com 

www.rddonline.com 
www.scolr.com  

www.weilerengineering.com 
www.zeonchemicals.com/Medical2 
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AA
few weeks ago, I was having lunch with Ralph

Vitaro and Dan Marino, our Publisher/President

and Executive Director, respectively. As usual,

they made me pay for lunch. During our conversation,

Dan brought up the point that his wife was a teacher. She

had told Dan one evening that many teachers in her school

today, when having trouble with students, send them down

to see the principal or disciplinarian, and that more likely,

teachers may not resolve issues with students directly or

offer counseling. This sparked an interesting debate. 

However, our conversation then migrated to business

and whether the same situation exists in companies. The

answer is yes! It is understandable that people naturally

want to avoid confrontation and ugly issues. They do not

want to confront their children much less an employee

who has gone off track. However, just like with your

children, you are doing a grave injustice to an employee

who is going in the wrong direction or has unacceptable

conduct issues by not quickly calling it to their attention.

It is natural for you to not want to put the “hammer” on

someone’s head.

But when you accept the responsibility to manage

others and have their careers in your hands, you must be

able to praise in public and criticize in private. Same with

your kids. I have found that in almost every instance in my

career when I have had to call someone into my office to

discuss a performance or conduct issue, they have been

thankful for my calling it to their attention and discussing

how to resolve it. One thing I always do to iensure success

is to confront the situation, not the person.

As strange as this sounds, even though it is a

personal/employee problem, you cannot confront the

person. If you do that, the person you are talking to

immediately goes on the defensive. It becomes your fault,

someone else’s fault, you don’t understand the situation,

the company is all screwed up, the devil made me do it.

Yadda, yadda, yadda. But confronting the situation

explicitly always has much different results. People are

more likely to remain calm and be inclined to candidly

discuss the issue pertaining to them rather than becoming

defensive. I have had people in this scenario tell me how

to best resolve their problem by making suggestions

themselves. And usually, they have the correct solution.

Strangely, in many situations, people did not realize that

they were doing wrong.

You see, I think that it comes down to a matter of

respect. In a disciplinary situation, you can get much

further with a problem employee by showing firmness

with respect rather than "beating” them up. You have the

responsibility as a manager of people to act in this

manner.

So I wonder how your employees would act if more

superiors tried counseling and advising problem

employees instead of simply banish them to the Human

Resources Department for demotion and compensation

reduction? There are exceptions though. Like the

employee at a former company who was embezzling

money from the company, and I caught him. He reacted in

a surprising manner. He offered me a bribe to forget the

whole thing. No counseling here, just immediate

termination for cause. u

Whose Job Is It Anyway?
By: John A. Bermingham

John A. Bermingham is currently the

President & CEO of Lang Holdings, Inc., an

innovative leader in the social sentiment and

home décor industries. He was previously the

President, Chairman, and CEO of Ampad, a

leading manufacturer and distributor of office

products. With more than 20 years of turnaround experience, Mr.

Bermingham also held the positions of Chairman, President, and

CEO of Centis, Inc., Smith Corona Corporation, and Rolodex

Corporation. He turned around several business units of AT&T

Consumer Products Group and served as the EVP of the Electronics

Group and President of the Magnetic Products Group, Sony

Corporation of America. Mr. Bermingham served three 3 in the

U.S. Army Signal Corps with responsibility for Top Secret

Cryptographic Codes and Top Secret Nuclear Release Codes, earned

his BA in Business Administration from Saint Leo University, and

completed the Harvard University Graduate School of Business

Advanced Management Program.
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