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Living tissue is laced with electronic sensors
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Sensors and neurons in the same tissue

Embedding electronic circuitry inside human tissue has long been a mainstay of science
fiction. Now, scientists in the US have devised a way to grow a culture of live tissue over a
matrix containing tiny electronic sensors. As well as leading to better tissue cultures for drug
testing, the work could also contribute to the development of synthetic replacement organs.

The growth of living tissue with embedded electronic sensors could have a range of
biological and medical applications. However, the only option up to now had been to culture
the tissue and then to insert electrodes into it. This is undesirable for two reasons. First, a
series of electrodes pushed in like needles do not access the tissue in a precise and
sensitive manner. Second, inserting electrodes into tissue will inevitably cause damage.

Now, Charles Lieber's team of chemists at Harvard University has teamed up with tissue
engineers at the Massachusetts Institute of Technology and Boston Children's Hospital to
develop a better way of integrating tissue and electronics. Instead of using traditional
electrode-based detectors — which deliver weaker signals as they are made smaller — Lieber
and colleagues opted for silicon field-effect transistors (FETS) as detectors. FET sensors can
be extremely small — in this case made from 30 nm-diameter nanowires — and still give
accurate readings.

Non-invasive process

The FETs, together with the interconnecting circuitry, were embedded within a special
porous, biocompatible 3D matrix. The researchers then cultured the tissue over the top of
this matrix, which created a fine network of FET sensors embedded inside the tissue. "The
big difference between our method and the older method is that our method is a non-invasive
process," says Jia Liu, a student in Lieber's lab and one of three lead authors of a paper on
the work. "When we record or stimulate the tissue, we don't need to use electrodes that
puncture through the tissue."

The researchers tested to see whether the presence of these sensors would have any impact
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on cell viability over several weeks and found that any effect was minimal. They admit,
however, that longer-term studies would be necessary before the technology could be used
to create medical implants.

To demonstrate the usefulness of their technology for drug testing, the researchers produced
a tissue of cardiac cells integrated with FET sensors. They used the sensors to monitor the
effect on the cardiac tissue of noradrenaline, a drug that speeds up the heart rate. They
measured a twofold increase in the tissue's contraction frequency following the application of
the noradrenaline.

Synthetic muscles

"This is an excellent paper and the very first example of combining flexible electronics with
tissue engineering. Nanowire-based flexible electronics technology could be one of the best
approaches to such 3D tissue scaffolds that can be electrically probed," says Zhengiang Ma,
an expert on epidermal electronics at the University of Wisconsin-Madison. Ma suggests that
the technology could be particularly valuable for producing synthetic versions of tissues such
as muscles and neurons that involve electrical signals in their functions.

In the near future, the researchers believe that the work's applicability is likely to be confined
to improving tissue cultures for drug testing. Nevertheless, Liu agrees that, in the long term,
the contribution to the quest to produce synthetic versions of body parts could be significant.
He explains that researchers in this field already use extracellular matrices of the type used
here to culture synthetic tissue. "In the past, however, this tissue scaffold has been a passive
material that just supports the cells as they grow," says Liu. "But right now, we have made a
nanoelectronic tissue scaffold that not only supports the growth of the cells, but can also
monitor their functionality.”

The research is published in Nature Materials.
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Work with far reacing consquences

It wil allow the electronic sensors present in the matrix of 3D biomaterials, to measure on-line the effects of
different drugs through the change in the conductance of their circuitries and thus the modification in the
amplitudes and time-distributions of their signals. Of course, one has to see if there is any undesirable reaction of
the different biomaterials to the presence of this mesh ofelectronic circuitry
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it could be used for implatnig

broken spinal chord. | think this could give to many people new chance for walk...
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Interconnect?

It's unclear how you bring out separate wires from the sensors to the measurement equipment.
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Lexington, United States

Very exciting work

This is exceptionally good work. I'd like to speculate a moment. One thing that moves relatively freely through
living tissue is .. other living cells .. as opposed to puncturing electrodes, etc. If stem cells could be persuaded to
differentiate into daughter cells than would attach to or embed micro- or nano-sized sensors like these, and then
"carry" them into/throughout a tissue, that could possibly achieve the same sort of effect that growing a new tissue
around a matrix of such embedded sensors does. In this manner, organs and other tissues within the body could
possibly be infused with similar electronics for medical, prosthetic, or other purposes.

Edited by ASIWEL on Sep 2, 2012 6:08 PM.
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Quote:
Originally posted by reader01
broken spinal chord. | think this could give to many people new chance for walk...

I'd wait a bit... There are approximately 10"9 neurons in the spinal cord (Kalat, J.W., Biological Psychology, 6th
Edition, 1998). There is not much room for error in reconnection. So lets say 250*10"6 connections have to be
made to restore walking with at least 98% accuracy, or significant retraining has to occur. How much retraining
you are willing to accept probably will be the determining factor in setting accuracy.

Walking is a complex autonomous muscular activity. You don't think about the details of it a lot when you do it, and
there are numerous feedback mechanisms operating. So a few FET connections aren't going to cut it, | think. |
believe it will be easier to get tagged stem cells to grow from one neuron to its broken partner than to create the
millions of FETs to transfer signals back and forth to the correct neurons across the break.

Getting the wires out should be easy. That can be any number of connection mechanisms that are fluid tight and
hypoallergenic.
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