
 

Team demonstrates direct fluid flow
influences neuron growth
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The process that the UT Arlington team used to turn axon growth. Credit: UT
Arlington

A University of Texas at Arlington team exploring how neuron growth
can be controlled in the lab and, possibly, in the human body has
published a new paper in Nature's Scientific Reports on how fluid flow
could play a significant role.
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In a new study co-authored by Samarendra Mohanty, leader of the
Biophysics and Physiology Lab in the College of Science, the
researchers were able to use microfluidic stimulations to change the path
of an axon at an angle of up to 90 degrees. Axons are the shafts of
neurons, on the tips of which connections are made with other neurons
or cells.

The publication adds insight to the long accepted idea that chemical cues
are primarily responsible for axonal pathfinding during human
development and nervous system regeneration. Such knowledge could be
essential for advances in spinal cord injuries, where fluid flow can guide
regenerating axons, in addition to affecting the bio-chemicals in the
injured site.

Finding a non-invasive, highly effective tool to guide neuron growth is
important to neuroscientists hoping to determine how neural circuitry
works and develop ways to test potentially life-changing therapeutic
drugs on so-called lab-on-a-chip devices. Lab-on-a-chip devices
incorporate several lab functions on a microchip.
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Samarendra Mohanty leads the Biophysics and Physiology Lab in the UT
Arlington College of Science. Credit: UT Arlington

Co-authors on the new paper are Ling Gu, Bryan Black, Simon Ordonez
and Argha Mondal, all researchers in Mohanty's lab at the time of the
research and Ankur Jain from the UT Arlington College of Engineering's
mechanical and aerospace engineering department.

"It is well known that fluid flow is involved in various processes during
organ development. However, there was no evidence to confirm the
influence of direct microfluidic flow on axonal migration," said
Mohanty. "Through this line of work, our lab is discovering that it's not
only chemical cues, but physical cues such as force, heat and flow that
need to be looked at or used for understanding and control of neuronal
guidance both in the lab and in the body."
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The latest publication grew from work that Mohanty and colleagues at
University of California, Irvine, published as the cover article in Nature
Photonics in January 2012. That paper demonstrated the team's success
directing axon growth using a particle rotated by a near-infrared laser
beam so that it acted as a micromotor to create fluid flow. Gu, Black and
Mohanty published research earlier this year in the journal PLOS One
that described using near-infrared light generated heat to guide axon
growth very efficiently, another advance the lab is working on.

To be sure that the flow - not heat or mechanical force generated by light
- was the cause of axons' direction change the new work used a direct
flow from a microtube.

Mohanty and the research team used retinal ganglion cells from common
goldfish to test their theory about direct flow. In the lab, 35 percent of
the growth cones tested responded to the fluidic flow from the
microtube, with 78 percent turning toward the flow direction.

"The work that Dr. Mohanty's team is doing can translate basic science
research into methods that could lead to great improvements in the area
of health and the human condition," said Jim Grover, interim dean of the
UT Arlington College of Science. "The fact that he has received funding
from the National Institutes of Health and the National Science
Foundation to further his ideas confirms that his lab is doing work
valued by others in the field and that his outcomes will continue to be
noted."

Black said the studies' authors have more work to accomplish. First,
they'll try to establish parameters for the method.

"After we determine thresholds for effective axonal guidance versus
damage or detachment, we can fabricate microfluidic platforms that will
enable complex flow patterns and schedules," Black said. "This will
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teach us whether the process is reversible, among other things, and
potentially allow us to produce simple neuronal circuits."

  More information: "Microfluidic control of axonal guidance", 
Scientific Reports, www.nature.com/srep/2014/14100 …
/full/srep06457.html
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