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Summary

Over the past decade, development of  in vitro models of  patterned neuronal 
networks is gaining significant interest in neuroscience research community. 
Controlling topological features of  small neuronal networks on planar micro-
electrode arrays (MEAs) by compartmentalization of  cells and determining their 
connectivity dynamics has been the subject of  extensive study. To understand the 
interaction between neuronal sub-populations, an environment that can sustain cells 
from different regions of  the brain in isolation while providing proper (bio-)chemical 
and electrical control on and access to electrophysiological interaction between 
them needs to be developed. As cells from different regions of  the brain have 
different native activity states and may also differ quantitatively in their response to 
environmental cues, a possible approach is to co-culture cells from tissues composed 
of  single dominant cell types.

The work presented in this research demonstrates co-culturing physically separated 
yet functionally connected sub-populations of  different cell types. Specific goals 
of  this thesis research are to design, fabricate and validate a microfluidic device 
integrated with MEA substrate capable of  hosting neuronal sub-populations and 
to demonstrate capabilities to selectively manipulate an individual region of  the co-
culture system using neuro-active chemical compounds. The main advantage of  co-
culturing dissociated cells in microfluidic device is in its ability to facilitate selective 
pharmacological manipulation of  an individual compartment of  the co-culture. 

In this thesis, a dual compartment system for culturing two different cell types 
interconnected through microchannels is presented. We have selected cortical and 
thalamic dissociated cells as the model system owing to the ability of  these cell types 
to generate rhythmic neuronal network oscillations when they interact. The interplay 
between thalamus and cortex can be understood by demonstrating signal propagation 
between the co-cultures and by establishing interdependency in connectivity between 
the cell types by selectively manipulating an individual sub-population.
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Addendum

Prior to demonstrating connectivity in co-cultures of  cortical and thalamic cells in 
dual-compartment devices, the thesis begins  with  the design and development of  
a compartmented microfluidic devices integrated with MEA substrates for neuronal 
cell culture (Chapter 2). Steps involved in the fabrication of  dual-compartment PDMS 
devices are presented along with the protocols for long-term cell viability in closed 
compartment devices and a recording setup for electrophysiological recording of  
network activity over 21 Days-in-Vitro (DIV). Chapter 2 and chapter 3 demonstrate 
electrophysiological measurements of  spontaneous network activity, biological origin 
of  spontaneous activity and fluidic isolation between compartments. Crossing-over 
of  neurites to the adjacent compartment was verified using transfection experiments 
and immunofluorescence staining. Functional connectivity between cells in the 
compartments and bi-directional signal propagation between compartments were 
verified using cross-correlation based techniques and functional connectivity maps 
respectively. 

Chapters 4 and 5 discuss co-culturing dissociated cortical and thalamic cells in dual 
compartment devices. Preliminary analysis of  spontaneous activities from the co-
culture showed a distinctively different firing pattern when compared to cultures 
of  individual cell types (chapter 4). The propagation of  electrical activity between 
cortical and thalamic regions and their inter-dependency in connectivity were 
verified by means of  cross-correlation analysis (Chapter 5). Based on the time of  
initiation of  network bursts, we have proposed that burst events originate in the 
cortical region and drive the entire cortical-thalamic network bursting behavior while 
thalamic connections play a vital role in sustaining longer burst events in cortical 
region. Finally, a simulated model of  two large-scale neuronal populations mimicking 
the cortical and thalamic dynamics based on Izhikevich equations was developed and 
used to verify the experimental dynamics and functional connectivity presented in 
this chapter.

Chapter 6 concludes with the demonstration of  selective fluidic manipulation of  
dissociated cortical-thalamic co-cultures in dual-compartment devices. Synaptic 
receptor antagonists were used to selectively control network-wide burst propagation in 
the co-culture systems. Experimental results are in agreement with our earlier findings 
based on network burst initiation analysis: we demonstrate that in cortical-thalamic 
dissociated co-cultures, burst events initiate in the cortical region and propagate to 
the thalamic region. We also demonstrate the possibility to control burst events in 
the thalamic region by blocking the synaptic receptors in the cortical region. Thus, 
the experimental results from our studies further reiterate that sustained network 
burst events are initiated in the cortical region and secondarily spread to involve the 
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Summary

thalamus region. This may provide insights into the evolution of  thalamocortical 
network activity in vivo, and into the inter-relationship between cortex and thalamus. 
Based on the results presented in this thesis, we conclude that dual compartment 
devices offer a valuable platform to approach questions systematically related to the 
study of  neuronal sub-populations. In the near future, the technology can be further 
extended to multi-compartment systems to culture cells from different regions of  
the brain involved in particular neurological communication pathways.




