REPORT DOCUMENTATION PAGE Form Approved OMB NO. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection
of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
04-08-2016 Final Report 8-Apr-2015 - 7-Jan-2016
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Final Report: Probing Response and Future Repair of Neural WO1INF-15-1-0148

Function to Impact through a Nerve Integrated Tissue on a Chip |55, GRANT NUMBER
(NITC) Platform and Mechanical Approach

5¢c. PROGRAM ELEMENT NUMBER

611102
6. AUTHORS 5d. PROJECT NUMBER
Philip LeDuc
Se. TASK NUMBER
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAMES AND ADDRESSES 8. PERFORMING ORGANIZATION REPORT
Carnegie Mellon University NUMBER
5000 Forbes Avenue
Pittsburgh, PA 15213 -3815
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSOR/MONITOR'S ACRONYM(S)
(ES) ARO
U.S. Army Research Office 11. SPONSOR/MONITOR'S REPORT
P.O. Box 12211 NUMBER(S)
Research Triangle Park, NC 27709-2211 64952-EG-I1.6

12. DISTRIBUTION AVAILIBILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department
of the Army position, policy or decision, unless so designated by other documentation.

14. ABSTRACT

We worked on an experimental testing platform, called the "Nerve Integrated Tissue on a Chip (NITC)" to which
we would apply mechanical force in a precisely controlled and measured system. Our focus was on measuring and
modeling trauma-induced injuries to the network of neurons embedded in tissue for use in the diagnosis of
innervated tissue injuries and with applications in developing future healing methods and treatment protocols.
Through the experimental platform, our goals were to simulate the mechanical stimulation through the innervated

i A~ ~aa A cemlabn 4l n b cmnvvcnman Loncma bl 2nh canvammtmnmn b vmmamna i mal ARl bl T AbiAich XXT A AT A mcen vvrmaal it v bacernad
15. SUBJECT TERMS
Final Report
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |15. NUMBER [19a. NAME OF RESPONSIBLE PERSON
a. REPORT [b. ABSTRACT [c. THIS PAGE |ABSTRACT OF PAGES  |Philip LeDuc
uu uUu UU uu 19b. TELEPHONE NUMBER
412-268-2505

Standard Form 298 (Rev 8/98)
Prescribed by ANSI Std. Z39.18



Report Title

Final Report: Probing Response and Future Repair of Neural Function to Impact through a Nerve Integrated Tissue
on a Chip (NITC) Platform and Mechanical Approach

ABSTRACT

We worked on an experimental testing platform, called the "Nerve Integrated Tissue on a Chip (NITC)" to which we would apply
mechanical force in a precisely controlled and measured system. Our focus was on measuring and modeling trauma-induced injuries to the
network of neurons embedded in tissue for use in the diagnosis of innervated tissue injuries and with applications in developing future
healing methods and treatment protocols. Through the experimental platform, our goals were to simulate the mechanical stimulation through
the innervated tissues and relate this to neuron function in response to mechanical stimulation. We also are working toward predicting the
level of neuronal injury, regenerative growth, and to understand how neuronal injuries are associated with injuries of tissues. We also would
measure the healing of nervous system under a variety of manipulations, which may assist the therapy of disorders without the need for
significant animal or human testing. Our expertise in the areas of mechanics, micromachining, micromolding and neurobiology was used to
synthesize mimetic tissues with embedded neurons. In the future, finite element and mechanical analysis will be combined to develop a
predictive model for improved healing and treatment of innervated tissue injuries, which will be very applicable to military personnel.
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Probing Response and Future Repair of Neural Function to Mechanical Impact through a Nerve Integrated
Tissue on a Chip (NITC) Platform and Mechanical Approach

Philip LeDuc
Mechanical Engineering
Carnegie Mellon University, Pittsburgh, Pennsylvania, 15213

Statement of problem studied

We worked on an experimental testing platform, called the "Nerve Integrated Tissue on a Chip (NITC)" to which we
would apply mechanical force in a precisely controlled and measured system. Our focus was on measuring and
modeling trauma-induced injuries to the network of neurons embedded in tissue for use in the diagnosis of
innervated tissue injuries and with applications in developing future healing methods and treatment protocols.
Through the experimental platform, our goals were to simulate the mechanical stimulation through the innervated
tissues and relate this to neuron function in response to mechanical stimulation. We also are working toward
predicting the level of neuronal injury, regenerative growth, and to understand how neuronal injuries are associated
with injuries of tissues. We also would measure the healing of nervous system under a variety of manipulations,
which may assist the therapy of disorders without the need for significant animal or human testing. Our expertise in
the areas of mechanics, micromachining, micromolding and neurobiology was used to synthesize mimetic tissues
with embedded neurons. In the future, finite element and mechanical analysis will be combined to develop a
predictive model for improved healing and treatment of innervated tissue injuries, which will be very applicable to
military personnel.

Approach

* Creating a Nerve Integrated Tissue on a Chip (NITC) system through fabricating a multilayer mutable
polymer molded system with a single channel structure embedded with nerve cells surrounded by skeletal
myoblasts in a collagen matrix.

* Integrating mechanical stimulation to understand the response of the NITC innervated tissue for future
healing and therapies.

Relevance to Army

Mechanically related injuries to nerve systems and associated tissues are critical in diverse areas such as the brain,
knee, hand, ankle and shoulder. The type of mechanical loading experienced by different axon bundles varies from
sudden mechanical impact in battle and during explosions such as improvised explosive devices. Here in this initial
9 month project, we worked to develop an experimental platform to allow us to assess healing of nerves and their
connections following a variety of mechanical loading paradigms with future work to integrate a computational
approach for predictive capabilities. This projected worked toward providing a tremendous advantage in reducing
the need for numerous animal or human tests. This approach also has potential applications in future therapy of
injured innervated tissues that would benefit military personnel and society in general.
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Summary of the most important results
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Fabrication Process for Making Channels for the NITC System through our micromilling and micro-molding

method. The channel structure is initially fabricated on PMMA, and then transferred to PVS, PDMS and gelatin

Gelatin is eventually embedded in 3D collagen matrix and removed to leave the channel structure.
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PMMA master mold for micromilling and micro-molding process and profilometry scanning of PVS mold. Full scan

through 3 line profiles along the channel.
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Gelatin template

PDMS mold and gelatin template. Two PDMS molds are attached together to form full circular channel, with the
inlet/outlet opened. A gelatin sacrificial template molded from the PDMS.

(c) (d)

Collagen gel production: (a) gelatin template in our custom fabricated rectangular chamber; (b) chamber filled with

collagen solution (c) after incubation in 37°C for 30 minutes, the gelatin template melted and the collagen

crosslinked; (d) channel characterization by flowing beads.




Collagen NITC within PMMA custom built housing. The tubing allows controlled additional and

removal of liquids.

Neural cells within our NITC system under high-resolution imaging. We are able to resolve

cellular and subcellular protein distribution within neural cells growing in the collagen channels.




Our magnetic tweezer system for imposing mechanical force on cells through magnetic beads

attached to cells.






