New Jersey Institute of Technology

Digital Commons @ NJIT

Theses Electronic Theses and Dissertations

Fall 1-27-2008

Multi well uni-axial stretch injury device

Mridusmita Choudhury
New Jersey Institute of Technology

Follow this and additional works at: https://digitalcommons.njit.edu/theses

b Part of the Biomedical Engineering and Bioengineering Commons

Recommended Citation
Choudhury, Mridusmita, "Multi well uni-axial stretch injury device" (2008). Theses. 325.
https://digitalcommons.njit.edu/theses/325

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons
@ NJIT. For more information, please contact digitalcommons@njit.edu.


https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F325&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/229?utm_source=digitalcommons.njit.edu%2Ftheses%2F325&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/325?utm_source=digitalcommons.njit.edu%2Ftheses%2F325&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu

Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



ABSTRACT
MULTI WELL UNI-AXIAL STRETCH INJURY DEVICE
by
Mridusmita Choudhury
Most diffuse brain injury is the result of uni-axial stretch of brain axons in traumatic
brain injury. Traumatic injury to axons throughout the brain and is believed to be a major
cause for coma, and other complications. Diffuse axonal injury is mostly multi-focal and
appears throughout the deep cortical and sub-cortical regions.

Several models have tried to replicate this phenomenon. Previous models, like the
Penn model, have lower throughput as they conduct experiments on one well at a time,
and it has lower reproducibility as well. The other preblem with these models is that they
are not very user friendly, and extensive experience is required to get some consistence in
the results.

The goal of this project is to create a high throughput, cost effective, and user
friendly, in-vitro model for uni-axial stretch of axons to simulate the effect of TBI on the
neurons of the brain. My endeavor is to create an in-vitro model for uni-axial stretch of
axons to namely a “Multi-Well Axonal Stretch Injury Device” to induce strains or stretch
rates in the magnitude of 10% to 80% on axons to simulate mild to moderate to severe
traumatic brain injury. The cells used for primary experimentation will be the NG-108
cell lines. This project will include the design, development and testing procedure for this
device. Both mechanical characterization and biological viability studies will be

conducted to test the device.
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CHAPTER 1

INTRODUCTION

1.1 Objective
Traumatic brain injury is a leading cause of death and disability in the world. The
incidence of TBI is higher than spinal cord injury, muscular dystrophy, multiple sclerosis.
and a host of other neurological disorders, with one person getting affected every 15
seconds or less [1]. Statistics show that traumatic brain injury is most likely to cause
permanent physical, emotional, and mental disability than much other neurological
pathology. [2. 3, 4, 5, 6, 7].

Traumatic brain injury is characterized by mechanical deformations in the brain
resulting in microscopic and macroscopic “stretch” of brain tissue and in particutar axons
[1,9, 10, 11, 12, 13} The effect of uniaxial stretch on axons is a challenge to study in
vivo due to its microscopic nature. For example, histopathological studies must be
performed post-mortem and offers little information about the progression of the injury.
To overcome this disadvantage and monitor the real-time effects of axonal stretch injury
an efficient, accurate, and high yield in vitro model is required.

In this vroject, the author’s endeavor is to develop an iz vitro model to induce
uniaxial stretch injury to cultured axons within a “Multi-Well Axonal Stretch Injury
Device™. This device will induce strains of 10% to &0% on axons to simulate mild,
moderate or severe traumatic brain injury [14]. The cells used for primary

experimentation will be the NG-108 cell lines. This rroject will include the design,




development and testing procedure for this device. Beth mechanical characterization and

bivlogical viability studies will be conducted to test the device.

1.2 Background Information
Statistics show that in the United States alone 1.4 mi'lion people suffer from Traumaiic
Brain Injery out of which 50.000 die, and 1.1 million people are admitted in medical
emergency cases. Among children in the agé‘ group QflO to 14 years, there were 2685
deaths and 37,000 hospitalizations [8].

Traumatic brain injury can be of two types, locélized or “focal” brain injury
which results from blows to the head and may result in hemotomas and contusions.
Secendly it could be widespread or “diffuse™ which cucurs in the absence of impact and
is due to inertial forces due to retational motion induced in motor accidents for both the
driver and the pedestrian or assaults [!2]. The unpr’edictable component in traumatic

brain injury is that many symptoms may occur hours or even days after the injury.

1.2.1 Symptoms and Axonal Effects

The extent of brain injury can vary from mild to moderate to severe. Symptoms of mild
TBI include loss of consciousness for a few seconds or minutes, headache, confusion,
lightheadedness, dizziness, blurred vision or tired eyes. ringing in the ears, bad taste in
the mouth, fatigue or lethargy, a change in sleep patterns, behavioral or mood changes.
and trouble with memory, concentration, attention, or thinking. Moderate or severe TBI
symptoms may include nausea. convuisions or seizures, an inability to awaken frem
sleep, dilation of one or both pupils of the eves, slurred speech, weakness or numbness in

the extremities, loss of coordination, and increased confusion, restlessness, or



agitaton [8!.

At the microscopic level, mild and moderate TBi result in swollen and
disconnected axons. At the macroscopic level the brain tissue appears to be vnharmed
and hence is undetected in radiological screening [12]. In severe cases of TBI
macroscopic tears in brain tissue is observed and the extensive diffuse axcnal injury is

associated with poor patient outcome including mortality rate, and coma [12].

1.2.2 Mechanical Forces Causing Uni-axial Stretch Of Akons

Mechanical deformation of brain tissue is the primary event in any traumatic brain injury.
As in the case of most head injuries, rapid rotationai motion of the head ieads o shear
deformation of the brain tissue due to inertial forces acting on jt. This is shown by
biomechanical studies involving a silicone filled pig’s skull {12, 16] as silicone has
similar viscoelastic properties as brain tissue. Imaging techniques from this experiment
provides evidence that in shear deformation of the brain tissue in rotational head injuries
translates microscopically to rapid longitudinal or uni-axial stretching of axons fibers
along the diagonal of the shear forces [12]. Figure 1.1 is a representation of uni-axial
stretch in a shear deformation. The dotted line shows the path of uni-axial stretch 12 the

olock of matter, or the brain.
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Figure 1.1 Representation of uni-z2xial or longitudina! stretch in shear deformation.



Uni-axial stretch can be induced on the membrane is several ways. Other in vitro
and in vivo models use air pressure pulse to induce uh’i‘-éxial stretch on axons. Studies
have shown that pressure deformation curves are linear for silicone membrane and
siastic membranes [15]. Since the pressure-deformation relationship is linear, the
deformation of the silicone membrane and aitached axens follows the pressure curve. For
example, for a particular pressure applied to a silicone well é particular stretch is
achieved which in turn translates into a particular strain on the axons cultured in that
well.

- The important parameters in controlling and monitoring the membrane
deformation are the rise time of the pressure pulse, which represents the rate of stretch
(speed of injury) or strain rate and the peak pressure, which represents the peak
deformation of the membrane and attached axons. A typical pressure pulse recorded by

the Penn device is shown in Figure 1.2.
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Figure 1.2 Pressure pulse from Penn Device recorded by Dr. Bryan Pfister.
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The pressurization of the injury pressure chamber is affected by both the nput
pressure and the time the soienoid valve is open or the response time of the valve. The
input pressure is the driving force affecting the rate of pressure increase and peak
pressure, and the opening and closing of the solenoid valve places a limit on the rise ti'mc‘
These twé parameters can be adjusted independently to achieve various strains and strain
rates. Previous in vitro models have lower control over these parameters due ic limited

design and component capability

1.2.3 Previous In vitro Models

Prcvious in vifro models include the injury device models in Virginia Commonwealth
University calied 94A Cell injury Controller, and University of Pennsylvania bere
referred to as the “Penn model” [15]. In the 94A Cell Injury Controlier the inlet is
Connec_tc;d to a tank of compressed gas, and a valve and timer are used to control the time
and duration of the pressure pulse. There are six wells in this device and a separate
pressure pulse is required for each well. The membrane deformation is measured by ihree
ways including a sliding pointer method, a video-camera method, and by making molds
using dental acrylate. From the membrane deformation strains and strain rates were duiy
ca.culated.

The Penn model is unique 'in its isolation ‘of axons for uni-axial stretch injury.
However, this model again deflects one weli at a time. This procedure is limited by low
yield, sample to sample variation, bad control of the pressure pulse subjected to the
membrane, and low biocompzvltibility. The reason for this variability is that only a

regulator is used to connect the main air tank supply to the solenoid valve. Due to limited



capability of the regulator with respect to the maximum air flow, a constant driving

pressure force cannot be maintained and variable pressure pulses are obtained. Figure 1.3

shows the air flow diagram of the Penn model.
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Figure 1.3 Air Flow diagram of Penn Model.
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The other disadvantage of the Penn model is that the stainless steel wells were

found to be toxic to cells. In the author’s design, PEEK (polyetheretherketone) plastic is

used to replace the stainless steel wells to lower toxicity to cells.
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Figure 1.4 Air flow diagram for Multi Well Injury Device.



A comparison of the air flow diagrams of the Pénn model in Figure 1.3 and the
author’s model in Figure 1.4 shows that the Penn model is more simplified and does not
have a reserve volume. As the regulator has a limitation on maximum air flow, the
driving pressure from the regulator is not constant and results in a variable (decreasing)
driving force during delivery of the pressure pulse. Hence, inconsistent results are often
obtained from the Penn model for repeated attempts. Another drawback in the Penn
model design is that the solenoid valve used has an optimal opening response (15-20 ms)
and is limited to an input pressure of 50 psi. Due tc this short rise times cannor be
accurately realized in the Penn model. The slope of the pressure pulse denotes strain rate,
and if short rise time cannot be maintained high struin rates cannot be achieved. To
achieve higher strain rates as described in the previous section, a higher driving pressure
force is required as well as a faster response time for the solenoid valve. The Series
9valve selected in the author’s design addresses both these problems as described in the

Materials and Methods section.




CHAPTER 2

MATERIALS AND METHODS

2.1 System Introduction

In this project, the author’s endeavor is to create a high throughput, cost effective, and
user friendly, in vitro model for uniaxial stretch of axons to simulate the effect of TBI on
the axons of the brain. The objective of the control system is to produce a reproducible
pressure pulse like the one in the Penn model as shown in Figure 1.2. For this “Multi-
Well Axonal Stretch Injury Device” the design parameters call for an air pulse of about 7
psi within a 20 ms period. This pulse, used for the Penn device, delivers 60% strain at a
strain rate of 20 s, To increase sample throughput, a 24 well PEEK plate is designed
similar to a standard 24 well tissue culture plate, with a deformable silicone membrane
stretched across its base for cell culture to deliver stretch injury. This plate is placed in a
pressure chamber where the precise pressure pulse is delivered via an automated control
system based in Labview 7.1 (National Instruments).

The “Multi Well Axonal Stretch Injury Device’” has both a control and an injury
device sub-svstem. An overview of the system has been shown in Figure 2.1.The twe
subsystems, namely the control subsystem and the injury device subsystem with the iist

of components have been discussed hereafter.

2.2 Contrel Subsystem
The electrical subsystem is used for controlling the injury device subsystem. This system

consists of the electro-mechanical valves, DAQ card (NI-6009) for the computer



interface, and the computer. Several valves used to control this device. A comparison of

the air flow of the previous in vitro model the Penn device and the author’s design has

been shown in Figures 2.1 and 2.2.
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Figure 2.1 Air Flow in Penn Model.
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Figure 2.2 Air flow in author’s model.






Q=VA

where V is the velocity of fluid in the tube and A is the area of the tube. The tlow rate

through each of the 4 tubes is 15 lpm. Therefore, the velocity through each tube is 15.44

m/s.
The Reynold’s number identifies the type of flow as laminar, turbulent, or transitional. It

can be calculated using the fellowing equation.

Re = VD/ (v/p)
where V is the velocity of the fluid, D is the diameter of the tube, v-is the viscosity of air,
and p is the density of air. At 20 °C (room temperature), the viscosity of air is
1.8 x 10" kg/m-s, and its density ic 1.2 kg/ m’.

" Re=(15.44 m/s) (4.54x10°m)

{1.8x 10” kg/m-s)/ 1.2 kg/ m’
Re =4673
Therefore, the flow threugh each tube is just turning turbulent.
The control system as shown in figure 2.3 controls the air flow of the injury

device. The individual components of the contro! system will be discussed hereafter.






2.2.1 VSO-EP Electronic Pressure Control Unit

A proportional valve is used to control the air flow from the main air tank into the reserve
air tank. It has a close loop system which maintains a set pressure from 0 to 100 psi using
a pressure transducer. The proportional valve used here is the VSO-EP Electronic
Pressure Control Unit from Parker Hannifin Corporation. This unit converts a variable
electrical control signal into a variable pneumatic output.

The key feature in the author’s decision was the response time of the valve, which
is 15 ms and is one of the fastest available proportional valves in the market. The other
desirable features of this valve were the size, the power capability, and the longevity of
the product. This valve is controlled by the control input line of the valve which is
hooked up to the NI-6009 DAQ card. Once the control input line is set to a certain user
defined voltage, the valve switches on and allows the main air cylinder to pressurize the
reserve tank to a pressure directly proportional to the voltage supplied. The internal
pressure transducer of the VSO-EP Electronic Pressure Control Unit allows the
monitoring of the pressure at the reserve tank end via Labview7.1 interface. Proportional
valves work on the principle of opening in “proportion” to supply voltage. Hence
proportional valves are very useful for maintaining pressure levels. This feature allows
the author to use the VSO-EP valve for testing the apparatus and characterizing the injury

device as described in the “Testing and Device Characterization” section.

2.2.2 Series 9 Extreme Performance Valve
Once the reserve tank is pressurized to a desired pressure, a control signal is set to drive a
three-way normally closed fast acting solenoid valve to pressurize the injury device

pressure chamber. Our goal is to pressurize the chamber to 7-10 psi within 20 ms, and de-
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pressurize it within the next 100 ms. The solenoid fast acting valve used by the author is
the Series 9 valve by Parker Hannifin Corporation. The three-way valve depressurizes the
chamber by venting upon closure. The key feature in the author’s decision was the
response time of the valve, which is less than 5 ms and is the fastest available solenoid
valve the author could identify in the market. The other desirable features of this valve

were the size, the power capability, and the longevity of the product.

2.2.3 OEM Valve Driver
The Series 9 valve is driven by OEM Valve Driver whose control input line of is hooked
up to the NI-6009 DAQ card. Once the control input line is set to high, the driver
switches on to open the Series 9 solenoid valve and allows the reserve air tank to
pressurize the main air chamber to a user set pressure. When control input is high, the
OEM Valve Driver provides an excitation of 10 V to the Series 9 Valve for the user
specified amount of time. In this case, the Series 9 Valve is required to be on till the
pressure within the air chamber reaches 7 psi, and it switches off to depressurize the
injury device pressure chamber to 0 psi. The OEM valve driver hence controls the
opening and closing time of the solenoid valve (Series 9 Extreme Performance Valve).
For future applications, the OEM valve driver can also be used to overdrive the
solenoid valve to further reduce opening time of the Series 9 valve. This can be achieved
by applying a high voltage for a period of time before pulling down the applied voltage to
a recommended level. Figure 2.4 is a hypothetical pulse applied to overdrive the soienoid

valve via the OEM valve driver.
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Figure 2.5 Hypothetical voltage pulse used to overdrive and under-drive solencid valve.

2.2.4 Safety Pop Valves

Safety pop valves of 100 psi and 150 psi are also used to prevent the air tanks from
reaching pressures higher than the maximum allowed input pressures into the valves and
thereby protecting the valves. The main air cylinder is at 150 psi limit and the reserve
tank is at 100 psi limit so that it allows a forward air flow by having the driving pressure

higher than the reserve tank pressure.












19

devices. One of the features of PRO/E is that a product and its entire Bill of Materials can
be modeled accurately with fully associative engineering drawings, and revision control
information. It is compatible with Unix-variants, Linux and Windows. All data is

interchangeable between these platforms without conversion.

2.3.2 24-Well PEEK Plate
A standard 24 well cell culture plat:c is designed using PEEK plastic. PEEK plastic is
known for its superior durability, auteclavability and biocompatibility with NG-108 cells,
and other nerve cells. Each plate has the dimensions of 3” X 4.8” X 0.75”. The silicone
membrane is attached the base of this plate using silicone glue for cell culture. The PEEK
plate is 0.75” thick to allow adequate culture media in the plate for both growth and
differentiation of NG-108 cell lines. The diameter of each well is 0.625 inch.

The PEEK plate has a groove cut along its outer edge so that it fits into the bottom
frame shown above. The silicone gasket discussed above will be placed between to top
and the bottom components of the pressure chamber to prevent‘air leaks, and allow better

pressure control. Figure 2.4 is the current design of the PEEK plate.
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2.4.2 Cell Culture Protocol

The growth medium contains 90ml ot Dubelco’s modified Eagle’s medium (DMEM),

10 ml of Fetal Bovine Serum (FBS), 2ml of Penstrip (P/S), and 1ml of HAT (0.1mM
hypoxanthine, 1uM aminopterin, and 16uM thymidine). The cells are cultured iz 5%
CO; and a temperature of 37 degrees Celsius. The cells require to be passed or “split”

everv 3-4 days. For splitting or sub-culturing the protocol is discussed in section 2.4.2.

2.4.3 Cell Splitting/ Sub-culturing Protocol
Once the cells are ready for spiitting, the following protocol is implemented.
1. Remove media from the cell culture.

2. Add 5ml Phosphate Buffer Sclution (PBS) to the cell flask and leave for 2
minutes. After specified time frame, remove PBS by gently pouring it out.
The PBS removes the calcium bonds so as to enable the trypsin enzyme can

"further remove the bonds of the cells to the ECM (Extra-celiular Matrix).

3. Add 3ml of 0.5% trypsin and wait for 3-4 minutes fo allow the cells to detach
from the ECM. Look under a microscope to ensure all the cells are suspended.

4. Empty out the contents of the flask into a test tube and prepare it for
centrifuging using a counter weight. Centrifuge at 3000 rpm for 5 minutes.

5. A pellet of cells will be observed at the bottom of the test tube. Remove the
top layer of trypsin, and discard it.

6. Add fresh media to the test tube and re-suspend the pellet. Add ceils in the
ratio of 1:10 to a new flask. Add 6-8 ml of growth media for further
propagation.

2.4.4 Cell Differentiation Protocol
The differentiation media contains 96% Dubelco’s modified Eagle’s medium (DMEM),

1% Foetai Bovine Serum ( FBS). 1% Penstrip (P/S), and 1% HAT (0.1mM hypoxantnine.

ipM aminopierin, and 16 uM thymidine). Tke following protocol -is implemented for
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NG108-15 differentiation. For cells to differentiate, the bottom plates need to be coated

with Laminin and PLL to allow Ca’* bonds to form with the extra-cellular matrix. This is

a two day process as described below.

1.

to

On the ﬁfst day, the silicone wells need to be plated with 10pg/ml or 100X of
poly-L lysine (PLL) Leave the solution for 1 hour.

Remove PLL from each well using a pipette, and leave the wells to dry for at
least 1 hour.

. Rinse wells with sterile water 3 times, and leave wells to dry overnight cr

refrigerate for future use.

On the second day, coat silicone wells with laminin, and leave it for 24 hours.

Remove laminin solution and rinse with PBS. Apply differentiation media
when ready to plate cells.




CHAPTER 3

TESTING AND DEVICE CHARACTERIZATION

To ensure proper operation of the axon stretch injury device, the air flow characteristics
will be tested. Testing of the control system will begin using a calculated ‘dummy’
volume identical the injury device pressure chamber and 24-well cell culture plate. The
control parameters of the pressure pulse will be checked using the VSO-EP and EPX
pressure transducers via the NI-DAQ interface and Labview program.

The testing phase will first determine if a constant driving force, or reserve tank
pressure can be maintained by the VSO-EP proportional valve and hence determine the
proper operation of the VSO-EP valve. The next test will be to ensure that the VSO-EP
valve and the EPX measurements are the same. Finally, using the dummy volumes and
the EPX transducer, the operation of the solenoid valve (Series 9 Valve) will be

determined and verified using repeatable pressure curves.

3.1 Dummy Volume Specification
Three dummy volumes of difterent geometry are used for the initial testing of the system.
The volume is calculated from the following final design specifications.
Diameter of each well (D): 0.625 inch
Thickness of PEEK plate (h): 0.75 inch
Width of open area above PEEK plate (t): 0.25 inch

Length of open area (1): 4.8 inch
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reinforces the fact that the VSO-EP valve can both maintain a constant pressure in the
reserve tank, as well be used for the device calibration and characterization. The préssuré
maintained by the VSO-EP valve can be seen in Figure 3.12.

Variations in the calibration were noticed when the ideal plate is replaced with a
PEEK plate with silicone attached. This is because the silicone membrane initially
attached did not have the best adhesive properiies and hence caused a leaking probleﬁl‘.
This problem is addressed by using proper gluing techniques developed by the author
during this project as discussed in Section 3.3. Another way to address fhe léaking
problem is to make slight modifications to the design of the injury device, or changing

the nature of the gasket used as discussed in Chapter 4.

3.3 Silicone Membrane Attachment Techniques

Several RTV silicone glues were tested to attach he silicone membrane to the base of the
PEEK plate. The three types glues tested were a elastomer Nusil MED 60135, and silicone
sealants, Dow Corning RTV sealant 734, and DOW Corning RTV sealant 732 The
siliconé glues were selected on the basis on their viscosity, and adhesive propertiei

The Nusil silicone elastomer, Part A and Part B were mixed in a proportion of
1:10. This sample has the least viscosity and thus was easy to apply but had the worst
adhesive property towards PEEK plate. It had good adhesive properties for the silicone
membrane though. |

The Dow Comning RTV sealant 734 ( a flowable formulation) was more viscous
than the Nusil silicone elastomer but had better adhesive properties towards both the

PEEK plate and the silicone membrane. Limited peeling off was observed f(;r this



32

silicone glue. However, the silicone membrane could be easily peeled off when the Nusil
elastomers were used as shown in Figure 3.23.

The best result with respect to adhesive and sealant properties was the Dow
Corning RTV Sealant 732. However it was the most viscous of all three glues. A specific
technique is used to apply this glue to the PEEK plate and then attach it to the silicone
membrane as described further in this section.

The best way to apply the Dow Corring RTV Sealant 732 onto the PEEK plate
was using the sponge tips as shown in Figure 3.5. Gther techniques tested and rejected
were using a stiff paint brush and the synthetic roller as also shown in Figure 3.5. The
roller did not spread the glue evenly and caused accumulation of silicone glue in die
wells of the PEEK plate. The paint brash worked bettei than the roller, though the bristles
were not hardy and kept coming off on the silicone glue. Hence the sponge tips which

were small and easy to use were the best tooi.
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From this studv, no significant ditference was observed for different silicone
rings. The conclusion from this experiment is that using a round gasket instead of a flat

one may be more beneficial.



CHAPTER 4

RESULTS AND CONCLUSION

Air leaks encountered in this study prove to be the major hindrance is developing an
efficient, repeatable, and reliable device. The problem has been tackled in several ways,
starting with testing different gluing techniques, and using different silicone gaskets.

To improve the device and prevent possible air leaks we plan to introduce a mask
which can be screwed into the PEEK block to contain the air pressure and the culture

liquids to each well. Figure 4.1 is a futuristic model of this design.

Figure 4.1 PEEK plate with mask.

Another way to contain the air leak is to build an in-built gasket both along the
top edge as is the case in the current model, as well as the bottom groove as originally
designed by the author. Using a circular gasket with higher durometer can also limit the
air leaks from the system as a circular gasket has higher compressibility than a flat gasket
as is used in the current model.

Initial biocompatibility studies in this project have shown superior

biocompatibility between the PEEK plastic and NG198 cell lines. NG 108 cells were
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CHAPTER S

FUTURE WORK

In this project, my endeavor is to create a high throughput, cost effective, and user
friendly, in vitro model for uni-axial stretch of neurons to simulate the effect of TBI, in
particular uni-axial stretch in on the neurons of the brain. Future work can include a more
extensive well-to-well study on repeatability of strains and strain rates. In this prototype,
NG108 cell lines are primarily used for experimentation. Future studies on cortical cells,
or astrocytes can better predict and simulate the effect of uni-axial stretch injury.

With respect to the device itself, using clamps instead of draw pins will be a better
approach to get the same sealing every time. This would avoid the problem of screwing
in the draw pins to ensure the device is air tight.

Better methods of tracking the strain and the strain rates real-time can also be
another scepe for future wérk. For example, using a window on the top plate to
physically measure the deformation of the membrane in the un-deformed and the
deformed states can further test the deformation hypothesis.

For further static measurements, a five point study of the strain vs pressure
applied characteristic can be conducted for 5 plates with 24 wells each. The five pressure
points are already drilled into the top plate. Future studies can include a well-to-well
study for each of the 24 wells. The amount of strain induced may be visually calculated
using the Cauchy Green equation using the fluorescent marker method [14]. The variance
from well to well will then be calculated using statistical tools like the Student t test to

prove the hypothesis.
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After the differentiated cells are subjected to the deforminyg air pulse, another
study using live-dead assays can be used to determine the uniformity of the stretch injury
using Invitrogen Flourospheres. This study would give a biological viability result te

further characterize the device.
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