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We developed and established a simple and cost-effective imaging tool (fluorescence microscopy
set-up) for whole brain and volumetric imaging using novel light source - deep ultraviolet i
illumination. Open source tools were adopted and developed for data acquisition and image analysis.

Fluorescence microscopy is an important tool in neuroscience which enables
imaging across different spatial and temporal scales to obtain the structural and functional
organizational details of the brain. The cost and complex design of microscopes that can do whole
brain imaging significantly affect the use of microscopy tool for scientific discoveries. This
research project focused on developing and establishing a simple and cost-effective fluorescence
microscopy for 3-dimensional brain imaging. Deep ultraviolet illumination was utilized which allows
for simplified optical design and allows for optical sectioning on block-face imaging. A combination

of optical sectioning and mechanical sectioning technique was utilized using open-source tools for
whole brain imaging using conventional fluorescent dyes. Adopting and adapting open source solutions
(hardware and software) for this microscopy allows for easy duplication of this tool by other labs.
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Background of the Research
Fluorescence microscopy is an important tool in neuroscience which enables imaging

across different spatial and temporal scales to obtain the structural and functional
organizational details of the brain. Fluorescence microscopy that combines mechanical
and optical sectioning along with different tissue preparation procedures have been
engineered for whole brain imaging in rodent studies. Existing 3-dimensional (3D) brain
imaging microscopy tools like confocal, two-photon, structured illumination combines
optical and mechanical sectioning capability for whole brain imaging. However, they are
expensive, bulky and not easily affordable by smaller labs. The cost and complex design
of microscopes that can do whole brain imaging can significantly affect the use of
microscopy tool for scientific discoveries.

Previously we had developed a novel fluorescence microscope using deep ultra
violet (DUV) illumination for brain imaging. We have shown prototypical application of
this novel microscope for imaging tiny anatomical structures like habenula for
guantitative evaluation (Kasaragod et al., BioRxiv 2020). The current research project focused
on developing and establishing this DUV fluorescence microscope as a simple and cost-
effective tool for 3-dimensional brain imaging. Deep ultraviolet illumination was utilized
which allows for simplified optical design and provides optical sectioning capability on
block-face imaging. A combination of optical sectioning and mechanical sectioning
techniqgue was utilized using open-source tools for whole brain imaging using
conventional fluorescent dyes. Adopting and adapting open source solutions (hardware
and software) for this microscopy allows for easy duplication of thistool by other labs.

Resear ch Objective
The main objective was to develop and establish a novel fluorescence microscopy based

on deep ultraviolet illumination for 3D brain imaging and devel op image processing tools
for volumetric analysis of brain structures in normal and diseased models. In addition,
focus was aso on developing open source microscopy tools for image acquisition and
analysisfor 3D brain imaging.

Research Methods
This research project was built upon our previous work (Kasaragod et al., BioRxiv 2020) in

which we had developed a novel fluorescence microscope for applications in brain
imaging for 2D imaging. We had previously shown the prototypical application of this
microscope for 3D imaging especially with respect to smaller structures like habenula. In
this project, we explicitly showed the optical sectioning capability of this fluorescence
microscope and the microscope was established as a simple and cost-effective
fluorescence microscope for whole brain imaging using rodent brains. This was shown
specifically using in-situ fluorescence Nissl staining in ex-vivo rodent brains. Image
acquisition and image anaysis workflow was developed using open source tools based



on Python and ImageJ. Adapting and adopting open source tools for this microscopy set-
up would alow for easy duplication of this set-up by other labs alows for more
community based development in the field.

Resear ch Results
A technical journal article was published in a peer-reviewed journal (Kasaragod and Aizawa,

Scientific Reports 2023). A couple of presentationsin domestic and international conferences
were also done. Development and dissemination of open source tools for 3D microscopy
shall be carried out as expected. A manuscript is under preparation on open microscopy
for 3D deep ultra violet illumination based brain imaging. Developmental work for
complete automation of the microscopy tool for whole brain imaging are also ongoing.
Overal the research has progressed as expected.
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Figure 1: A schematic of the microscopy set-up for serial block-face acquisition for
wholebrain imaging
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Figure 2: Prototypical 3-dimensonal dataset and analysis. Adapted from
Kasaragod and Aizawa, Scientific Reports, 2023.
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