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US scientists have made an easy-
to-swallow device to controllably
deliver cancer drugs into the body.
After treatment, the device passes
safely out of the body through
digestive tract, they claim.

Many cancer drugs must be
injected into the bloodstream
because they cannot pass easily into
the blood through the stomach and
intestine walls. To overcome this
barrier to oral delivery, Tejal Desai
and colleagues at the University of
California, San Francisco, made a
polymer-based microdevice with
atiny reservoir in the centre. They
filled the reservoir with a polymer-
derived gel known as a hydrogel,
which can store drugs and release
theminacontrolled way.

Desai loaded the hydrogel with
adrugand tested the device ona
model that mimics cell absorption.
He found that the device seemed

to concentrate release of the drug
atthe cell interface, increasing
permeability through the cells. Also,
because the device limits the amount
of free drug by releasing it slowly,

it prevents damage to surrounding
tissues.

‘The devices can be used to deliver
avariety of cancer drugs,’ says Kristy
Ainslie, who works on the project.
‘This creates a broad range of

Fluorescence imaging can
be used toviewdrugsin
the microdevice

Microdevice could provide better treatment for cancer patients

Hydrogel helps the medicine godown

treatment options for cancer patients
so they are treated more effectively
and with fewer side effects.’

‘Thisisan innovative
application of microfabrication
technology, which isalready used
to cost-effectively mass-produce
sophisticated computer chips and
miniature air-bag deployment
sensors,’ enthuses Shuvo Roy, a
biomedical engineer from the
Cleveland Clinic Lerner Research
Institute, US.

Desai’s group plan additional
studies with the microdevice, using
models that more closely mimic the
digestive tract. They are considering
using hydrogels with triggered
release options, to turn the release of
drugs onand off on demand.

Rachel Cooper

Reference
K M Ainslie, C M Kraning and T A Desai, Lab
Chip, 2008, DOI:10.1039/b800604k

How does trapping a nanoparticle in
amicrodevice affect its reactions? US
scientists are answering this question
thanks to a straightforward method
using fluorescent tags.

Meghan Caulum and Charles
Henry at Colorado State University
in Fort Collins have developed what
they say is ‘asimple, inexpensive
way to monitor reactions at the
surface of magnetic particles withina
microfluidic device.’ The researchers
used their method to look at reaction
rates in the system.

Using small magnetic particles
inmicrofluidic systems has great
potential in chemical synthesis
and biological techniques such as
immunoassays, declare Caulum
and Henry. But few researchers
so far have studied how reaction
rates at the particle surfaces differ
inmicrofluidic devices from those
insolution. Caulum and Henry say
that understanding the processes
involved is important when trying to
optimise previously solution-based
assays on-chip.
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The duo’stechnique is based
on following a bond-breaking
reaction inside a microfluidic
device. Areducing agent is made
to flow over fluorescently tagged
particles captured inside the
device by magnets. This breaks
disulfide bonds that link the tags
to the particle surfaces, reducing
the fluorescence. By monitoring
the loss of fluorescence with time,
the researchers can measure the
reaction’s kinetics.

Capture and release of
magnetic particlesina
microchip
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Simple method for monitoring reaction rates in microfluidic devices

Keeping track of particles-in-a-chip

Sabeth Verpoorte, head of the
pharmaceutical analysis group
at the University of Groningenin
the Netherlands, says ‘There isno
doubt that combining micro-and
nanoparticles with microfluidics will
lead to powerful new approaches for
chemical and biochemical processing
and analysis. This work represents
asignificant step forward in this
area, asityields new information
on particle-based reactionsand
handling.” Katherine Davies

©The Royal Society of Chemistry 2008



Chemical Technology

Scientists in the US have taken
a step towards faster and more
efficientimmunoassays for
diagnosing HIV and other diseases.
Richard Zare and colleagues
from Stanford University have
designed and constructed a new
microfluidic device that can
monitor immunoreactions —the
reaction between an antigen and
itsantibody —in real time. Using a
combination of an immunoassay
and surface plasmon resonance
imaging (SPR), the device provides
adiagnosis in approximately
10 minutes, compared with an hour
or more using traditional methods.
Zare’s device has several
other advantages over other
immunoassay methods, including
specially designed nanolitre-scale
channels that mean asmaller
volume of sample is needed. The

channels also allow the reagents
to be delivered by the device in
just one step. The speed comes
from the SPR detection method,
which can monitor antibody-
antigen interactionsinreal

The microfluidic device
canmonitor interactions
between an antigen and
its antibody in real time

New device uses surface plasmon resonance to speed up disease detection

10 minute diagnosis onthe microscale

time. SPR measures a refractive
change caused by antibodies
binding to the antigens on the
surface of the array of thin gold
spots in the device. Microfluidic
devices can potentially be fully
automated, meaning samples can
be manipulated precisely and
efficiently.

Zare believes that, with some
further improvements, this
combination of immunoassays and
SPRin microfluidic devices will
have many future applications to
real-world problems. “The results
are quite encouraging —so much
so that we feel that the prospects
for the use of this type of device are
quite promising.” May Copsey
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Scientists in France have
developed the first mild, enzyme-
inspired method to convert
methane to industrially valuable
products.

Alexander Sorokin and
colleagues at the University of
Lyon made an organometallic
complex that oxidises methane
to methanol at low temperatures
using hydrogen peroxide.

Methane is the main component
of natural gas but also the least
reactive. In certain types of
bacteria, the enzyme methane
monooxygenase converts
methane to methanol under very
mild conditions. Essential for its
activity is itsdiiron centre, which
forms areactive oxygen-bridged
species that can oxidise C—H
bonds. Chemists have tried to
mimic this catalytic process but
until now have not succeeded.

Using porphyrin-like ligands
known as phthalocyanines,
Sorokin made a diiron complex
inwhich the two irons are
bridged with a nitrogen atom. He
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found that the complex activated
hydrogen peroxide, forming a
very strong species that oxidised
methane in water at temperatures
as low as 25 degrees Celsius.
Depending on the reaction
conditions, the resulting methanol
could be oxidised further to
formaldehyde and formic acid.
‘Dimeric structures are often

Organometallic complex turns natural gas intoalcohol

Catalystmimics nature’s methane oxidation

The N-bridged complex
oxidises methanein
water
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considered as inactive in catalysis,’
explains Sorokin. ‘However,

we hypothesised that diiron
porphyrin-like complexes could
stabilise high oxidation state
species due to delocalisation

of charge at the two irons and

the ligands. The key pointis the
stability of the binuclear core
during catalysis.’

Robert Crabtree, professor
of inorganic chemistry at Yale
University, New Haven, US, is
impressed by the results. “Thisisa
significant step in advancing one
of the great problems: the direct
partial oxidation of methane to
methanol,” he says.

Sorokin says he believes that
this novel catalyst presents great
potential for further development.
‘This finding should initiate studies
directed towards optimising its
structure to tune its catalytic
properties and increase its scope
towards the clean oxidation of
other difficult-to-oxidise substrates
to useful products,” he says.
Roxane Owen

Chem. Technol., 2008, 5, T41-T48 T43




Chemical Technology

Solid-state light source offers low energy route to polymer structures

LED triggerson-chip construction

For the first time, scientists have
used ultraviolet lightemitting
diodes (UV-LEDSs) to make
polymer columns in lab-on-a-chip
devices. The columns could be used
as micropumps to move solutions
through the devices, claim Mirek
Macka at Dublin City University,
Ireland, and colleaguesin Ireland
and the Czech Republic.

The team used the light from
UV-LEDs to starta polymerisation
reaction between methacrylate
units inside the channels of a
microfluidic chip. They found that
channels containing the resulting
polymer columns were better
at pumping solutions than bare
channels when they applied an
electric field to the chip.

LEDs are solid-state light sources,

where electrical energy isconverted The UV light setsoffa
to lightinasemiconductor material. photopolymerisation
Although conventional UV light reaction

sources, such as xenon arc lamps,

can be used in photopolymerisation

reactions, UV-LEDs offer a

number of advantages: they are

much smaller and can be used in
miniature devices; they use less
energy; and they are cheaper.

At present, commercially
available UV-LEDs have poor
electric energy-to-light conversion,
whichinturn cangeneratealot
of heat. ‘Further development
and improvement of the technical
parametersis needed for UV-
LEDs to become really attractive
for mainstream chemistry,’ says
Macka. He plans to use UV-LEDs
to photocatalyse other reactions
to investigate their versatility,
compared with classical UV
sources. Michael Brown
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Layered structure substantially boosts performance

Spray-onelectrodes

Scientists have developed a quicker
method to make multilayered
electrodes for fuel cells.

Led by Marc Michel, ateam based
at Darmstadt University, Germany,
used a sprayed layer-by-layer
method to assemble the electrodes
for proton exchange membrane
(PEM) fuel cells.

PEM fuel cells split hydrogen
into protons and electrons at the
anode using a platinum catalyst.
The protons travel through a
polyelectrolyte membrane to the
cathode, where they react with
oxygen to form water. For high
performance, the polyelectrolyte
must be permeable to protons but
not electrons and the catalyst’s
structure must allow the hydrogen
and protons to diffuse easily through
it.

Scientists achieve this by building
up the components of the cells
in layers. Conventionally, they
alternately dip Nafion, the most
commonly used polyelectrolyte
membrane, into two solutions of
oppositely charged polyelectrolytes.
Instead, Michel sequentially
sprayed the solutions on to
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Platinum-functionalised  Nafion, which he claims can boost
polyaniline fibres performance.
accelerate charge and Michel used a mixture of
iontransport platinum catalyst and polyaniline,
ahighly conductive polymer, as
the positive solution and Nafion
as the negative one. He found that
polyaniline’s high conductivity and

fibrous structure improved charge
and ion transport through the fuel
cell.

Michel says the spraying
technique is much faster and
doesn’taffect the quality of the films
produced. ‘20 layers can be obtained
in less than five minutes compared
to about two and a half hours for
the conventional layer-by-layer
dipping method,” he says. Moreover,
the amount of platinum used in this
method is almost half of that used
for conventional carbon-supported
platinum catalysts used in fuel cells,
making the cells cheaper and less
toxic.

Michel says he hopes that the
reduced costand preparation time
will make the spraying technique
attractive to industries, but first
more work has to be done. ‘We
have to do long term stability
investigations to check whether
polyaniline is a good candidate for
fuel cells,” he says.
lan Gray
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