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Pharmaceutical Science & Technology News

DRUG DELIVERY

Nanostructured Silicon Wires Up

Controlled Delivery

into a pharmaceutical tablet or

powdered suspension is not typi-
cally a formulator’s objective. After all,
silicon is the primary material in com-
puter processor chips and wafers. Re-
searchers at pSivida Ltd. (Perth WA,
Australia), however, have patented a
nanostructuring technology that modi-
fies the structure of silicon such that the
material is biodegradable and dissolves
well in the body, which can make it an
ideal alternative to other biomaterials
such as polymers.

The nanostructuring procedure, dis-
covered by physicist Leigh Canham
(pSimedica, a company subsidiary),
produces BioSilicon—a biocompatible,
honeycomb-shaped material. Micropar-
ticle powders (typically 30 wm in size)
and even three-dimensional implants
(1-cm in size) are internally modified to
enclose this porous structure. Just 5-10
atoms across, the silicon nanowires
make up the honeycomb’s walls, which
surround the drug-filled cells (typically
50—100 nm wide).

Although the BioSilicon structure can
be used with various drugs, the com-
pany is initially focusing on cancer ther-
apies, treatments for central nervous
system diseases, peptides, and small pro-
teins. “We like to use hydrophobic drugs
because they are not absorbed very well
by the body,” says Aston. Putting these
drugs into the nanostructure, he ex-
plains, increases the solubility “quite
substantially.”

The key to controlling the delivery is
the method by which the nanowires are
etched. The company uses a well-estab-
lished hydrofluoric acid-driven process
to dissolve (or etch) the silicon and con-
trol its biodissolution, thereby control-

P urposely introducing silicon wires
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ling the rate of drug release (see Figure
1). Roger Aston, pSivida’s commercial
strategy director, says the company
doesn’t physically handle the wires, but
rather takes large pieces of silicon and
etches the silicon walls to a particular

Figure 1: Transmission electron microscope photo of
nanostructured silicon. Black regions are the
nanowires, measuring approximately 5 to 10 atoms
across, and the white regions are the cells into
which the drug would be loaded (measuring 50 to
100 nm across).

width and the cells (honeycomb cavi-
ties) to a particular size. Etching fine
nanowires and big holes leads to rapid
dissolution, while etching big nanowires
with small holes leads to longer dissolu-
tion rates (see Figure 2). Thus, the re-
lease rate can be “tuned” during manu-
facturing so that the mesh releases its
contents over periods ranging from two

to three days up to three months, ac-
cording to zero-order release kinetics.

Aston points to several advantages of
using biodegradable silicon over other
biomaterials such as polymers. A major
difference is that developing a polymer
matrix typically involves chemical reac-
tions among the various monomers and
also between the monomers and the
drug. When polymer matrices dissolve,
some amount of free drug is released.
What may also be released, however, is
drug linked with the monomers and
even drug linked with the polymer,
which, depending on the polymer
being used, may result in some
toxicological effects.

In contrast, using biodegradable
silicon does not involve reactions
between the carrier structure and
the drug. The drug is not changed
or chemically modified in the
process. According to Aston, when
the BioSilicon material dissolves in
the body, it produces SiOH,, which
is the nutritional form of silicon
and a dietary requirement for nor-
mal bone or collagen growth. This
substance is quickly excreted
through the kidneys.

With such promising character-
istics in their new material, pSivida
researchers are hoping that BioSili-
con will enable new therapeutic
applications where other biomate-
rials cannot. Earlier this year, the
company began Phase Ila clinical
trials of its “BrachySil” microparti-
cles for the treatment of inopera-
ble tumors of the liver (primary
liver cancer). The project takes ad-
vantage of another key characteris-
tic of silicon: it is “radioactively hard.”
That is, silicon can survive an irradia-
tion process, whereas polymers cannot.

For the BrachySil project, the silicon
is doped with phosphorus-31. When ex-
posed to a high neutron flux, phospho-
rus-31 becomes the radioactive phos-
phorus-32 while the silicon remains
intact. Using a fine needle and an ultra-



Figure 2: Cross section of nanowires.

sonic image, the drug is nonsurgically
injected through the abdomen directly
into each tumor. The phosphorus-32
powdered silicon suspension is held lo-
calized to the tumor. Phosphorus-32
emits beta particles that kill the cancer
cells and regress the tumor. Without the
silicon, the drug cannot be injected di-
rectly into the tumor because, as a solu-
ble drug, it would rapidly come out of
the tumor and be absorbed into the

body’s circulation, likely causing toxicity
problems in the lung or brain. The com-
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pany hopes to report the first results of
the trial by the end of this month, with
projected market launch by 2007.

Last month, pSiMedia was awarded a
European patent relating to the applica-
tion of BioSilicon in orally administered
drugs and even chip-based “smart
drugs” that would offer processor-based
targeted delivery. The company is also
looking into using BioSilicon for ortho-
pedic devices (e.g., biodegradable
screws, pins, braces, rings). Says Aston,
“As a company, we are looking for spe-
cialist applications that nanostructured
silicon can offer over and above other
biomaterials.”

-Maribel Rios
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Pall Corporation
Founder David B. Pall

David B. Pall, PhD, who founded Pall Cor-
poration (East Hills, NY) in 1946, died 21
September at his
home in Roslyn Es-
tates, NY after a long
iliness. He was 90.

Pall was the named
inventor on 181 US
patents and received
the National Medal of
Technology in 1990.

Pall received his PhD
in physical chemistry
from McGill University
in 1939 and worked as
a research chemist on
the Manhattan Project.
He founded Pall Corporation in 1946 to
commercialize his invention of a novel
metallic filtration material. He remained
the company’s scientific driving force
until his retirement in 1992.

David B. Pall in 1990,
after receiving the
US National Medal of
Technology.
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Amine-Protection
Technique Expands
Supercritical 0,
Processing

In an effort to create an eco-friendly lab
environment and streamline the drug
manufacturing process, researchers at
Cambridge and MIT are trying to extend
the usefulness of supercritical carbon
dioxide (scCO,) as a solvent in pharma-
ceutical production. Supercritical fluids
are heated past their usual boiling point
but pressurized to behave like liquids.

In the past, it proved problematic to
dissolve certain compounds in CO, be-
cause amine groups can react with car-
bon dioxide to form carbamic acid, a
structural unit in urethanes, in an irre-
versible reaction.

“We got [the scCO, process] to work
by starting with a silicon atom attached
to an amine,” says Cambridge University
Professor Andrew Holmes. “This forms
a protected group to start the reaction
off. Using these protected amines rather
than free amines in the process allows us
to make aromatic amines in CO, with-
out the competing formation of the car-
bamic acid.”

Though CO, is a greenhouse gas, it
can be contained and recycled to keep
the process environmentally safe. In a
closed cycle, vented CO, is recaptured
and recompressed, allowing it to reenter
the reaction cycle. “[scCO,] is a green-
house gas that doesn’t have to be re-
leased to the atmosphere,” Holmes says,
“making it environmentally more at-
tractive to conventional organic sol-
vents, which always get released into the
atmosphere.”

Historically, industrial supercritical
solvents (including scCO,) have been
used mainly in flavor-and-fragrance ex-
tractions. Supercritical CO, has long
been used to remove caffeine from
coffee beans, reducing both the after-

5¢C0, continued on page 24
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COMPLIANCE
GMP Warning Letters

he Food and Drug Administra-

tion issued two warning letters

in August concerning violations
of good manufacturing practices
(GMPs).On 3 August, the Center for
Drug Evaluation and Research sent a
warning letter to Bioren, SA, a sub-
sidiary of generics oncology manu-
facturer Bigmar, Inc., for GMP viola-
tions at its facility in Barbengo,
Switzerland.The Center for Biologics
Evaluation and Research sent the sec-
ond August warning letter to Aven-
tis-Pasteur, SA
(www.aventispasteur.com), the vac-
cines unit of Aventis (now part of
Sanofi-Aventis following the 20 Au-
gust merger with Sanofi-Synthélabo).

FDA cited Aventis-Pasteur for viola-
tions at its vaccine manufacturing
plant in Marcy-I'Etoile, near Lyon.The
warning letter follows FDA Form-483
observations resulting from site in-
spections carried out last March and
April. Aventis has filed its formal re-
sponse and is now awaiting follow-
up meetings with FDA.Timothy
Cleary, vice-president of legal affairs
and chief compliance officer for the
Aventis-Pasteur Group, said the re-
sponse was “quite robust and com-
prehensive” but declined to discuss
details, citing confidentiality con-
cerns.

The warning letter to Aventis listed
quality control activities in the pro-
duction of rabies vaccine, haemo-
philus b conjugate vaccine, and Thy-
moglobulin, including:

« transporting a filter-integrity
tester back and forth between the
live-virus and inactivated-virus ra-
bies vaccine production areas;

« failure to thoroughly investigate
certain errors, including capping
defects in the filling and capping
operation of multiple lots of Thy-
moglobulin and the presence of
particulates in lots of haemo-
philus b conjugate vaccine; and

« failure to give the quality control
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unit sufficient authority over in-
process materials and drug prod-
ucts. Microbial excursions at sev-
eral water-for-injection (WFI)
ports were detected during the
inspections, but the company’s
quality control group did not
have oversight over WFI.

Shortly after the March FDA inspec-
tion, Aventis-Pasteur voluntarily re-
called several lots of rabies vaccine
from the Marcy-I'Etoile plant because
a quality assurance test detected non-
inactivated production strain of virus
in one lot of vaccine.The company
also shut down the production line.

Cleary stressed that the voluntary
recall was unrelated to the FDA in-
spections.“As a precautionary meas-
ure, we initiated the voluntary recall
of all the rabies vaccine lots that had
been produced during the same time
period, even though they had all
passed the European- and FDA-ap-
proved [release] tests,” says Len
Lavenda, executive director of com-
munications for Aventis-Pasteur.“We
are not aware of any vaccine having
been distributed that should not
have been distributed.”

Cleary and Lavenda did not predict
when the rabies vaccine line would
re-open.”Before we make that date
available, we need to have a discus-
sion with FDA to make sure that they
agree that our plans are sufficient to
address the issue,” says Cleary.The
shut-down has not affected other
products manufactured at the plant.

Less than ten days after FDA sent a
warning letter to Bigmar-Bioren, Big-
mar founder and CEO John G.Tra-
montana died.The company could
not be reached for comment, as a
working phone number in the US or
Europe could not be identified. In Au-
gust Bigmar sold a plant in Switzer-
land to American Pharmaceutical
Partners Inc. (Los Angeles, California,
www.appdrugs.com).

-Laura Bush
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SAFE Electronic Identity Standard for

Drug Industry

Secure Access for Everyone (SAFE), a
consortium of pharmaceutical compa-
nies and trade organizations, has revised
and adopted Version 1.1 of its proposed
international digital signature standard
for the drug industries.

The Pharmaceutical Research and
Manufacturers Association sponsors the
SAFE project, with collaboration from a
dozen major biopharmaceutical compa-
nies and the European Federation of
Pharmaceutical Manufacturers Associa-
tions, in consultation with regulatory
agencies, including the US Food and
Drug Administration, the European
Medicines Evaluation Agency.

SAFE working group members,
headed by coalition chairman Gary Se-
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crest (director of information security
for Johnson & Johnson, New Brunswick,
NJ), unveiled Version 1.0 of the standard
at the Drug Information Association
meeting just last June.

The group has reviewed and modified
the standard, which applies the public
key infrastructure (PKI) encryption ap-
proach developed by Identrus LLC
(www.identrus.com, New York, NY) for
the financial industry.

If widely accepted in healthcare, SAFE
would provide a convenient, validated,
and relatively economical solution for
the recurring questions about what con-
stitutes a valid electronic signature
under 21 CFR 11 and corresponding
regulations outside the United States.
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Highlights of the SAFE plan include:

+ astandard format for digital signa-
tures, encryption keys, physical to-
kens, and credential-issuance proto-
cols;

+ an industry-sponsored corporation
to oversee credential-granting;

+ a mechanism for allowing creden-
tials granted by one participant to
be accepted by other participants.
This critical feature would allow in-
dividuals in the industry to have
just a single digital identity that
could be recognized in multiple
contexts. A clinical investigator, for
example, could use the same digital
signature for multiple projects, even
projects sponsored by different or-
ganizations.

The developing SAFE standard re-
quires a physical token—a smart card,
USB token, or other dongle containing
the user’s private key—in conjunction

SAFE continued on page 24
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SAFE continued from page 22

with a password and user name to acti-
vate the digital certificate.

While FDA does not mandate partic-
ular technologies, agency acceptance of
SAFE credentials would be a major
milestone.

An FDA spokesman said that the
agency is continuing to provide regula-
tory input on the SAFE process and im-
plementation, in alignment with FDA’s
Prescription Drug User Fee Act
(PDUFA) 1III electronic signature goal
and the overall PDUFA objective to in-
crease the number electronic submis-
sions. The FDA is currently working
with the National Cancer Institute to
implement a SAFE pilot.

-Doug McCormick
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Production Process Increases Productivity

The Texas A&M University-Kingsville

(Kingsville, TX, www.tamuk.edu) Chem-

istry Department has patented a one-
step chemical process for the produc-
tion of acetaminophen that could re-
place the typical 4- or 5-step process.
In the new process, large amounts
of solvents are replaced by a small
drop of surfactant.The foam action
increases the reaction’s surface area

and speeds the process. Because sol-
vents aren't needed, all atoms used in

the reaction vessel will become part

5¢C0, continued from page 20

taste and the environmental issues pro-
duced by the older processes.

The pharmaceutical industry cur-
rently uses supercritical CO2 chiefly to
control the powder/particle size of

of the product. Typically, solvents
must be removed and disposed of
after synthesis.

According to Texas A&M Chemistry
Professor Apurba Bhattacharya,“Be-
cause it doesn’t require a solvent, it’s
more economically attractive. You
don't have to worry about solvent,
separation and purification, or dis-
posal expenses,” he says.To be more
environmentally friendly, the process
also is salt- and waste-free.

-Kaylynn Chiarello

products during synthesis. Holmes
hopes to extend the technique so that it
can be used in the final processing, inte-
grating front- and back-end manufac-
turing methods.

-George Koroneos

www.pharmtech.com



