Microscopic devices for UV-Light, important tools in biological and medical research
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Summary: Modern microscopic techniques are important in the biological and medical research to
understand and treat diseases like Cancer, Dementia or Depression. It is shown that an optical system
without any lead glass would not have a sufficient transmission in the ultraviolet wavelength range (UV).
Microscopes without a sufficient performance at UV are a critical limitation for broad range of methods.

Microscopic devices are used in many different research fields. Light with short wavelengths is used for
imaging and manipulation purposes in biological and medical research. Especially the ultraviolet light as
355nm or 405nm is import in the modern microscopy. This overview should show typical methods, fields
of research and the used wavelengths:

Method Prescription Field of research / Wavelength
Diseases
Laser capture micro Identification and Cancer!>%73, 348nm, 355nm
dissection isolation of cells from Alzheimer?
lager tissue
microenvironment*
Uncaging / optogenetic | protein that is activated | Parkinson’s disease, 350..530nm
in the presence of a Epilepsy, Depression
stimulating light
source> 1011

The wavelength is an important parameter for the design of a microscopic device. The optical system has
to have a good transmission and a good image quality. Transmission is the vale to describe which amount
of light we can expect after passing the system. The image quality means how small are the optical
aberrations which would limit the optical resolution of a system.

A typical microscopic device consists of an objective, a tube lens and a scanning lens.

[T,

"‘.Objertive":ﬂ = ) . . . . . Scanning | .
H

—F ).
L lens | lens |

B s | il

Lenses are made of optical glasses. The transmission is depending of the wavelength. It is different for
different optical glasses. The chemical elements are determining the characteristic. Lead glasses in
comparison with optical glasses without lead have a much higher transmission in the ultraviolet
wavelength range (e.g. 350...400nm).




To quantify the difference one optical system has been modified. Originally it is using lead containing
optical glasses (blue curve). The modified optical system is using optical glasses without lead (red).

Relative Transmission

Comparison, same geometry of lenses but different glass choice
1
0,9 /
0,8 /
0,7 -

0,6 -
0,5 ‘ = Original optical glasses
including some lead types
0,4 ( 8 ypes)
== |ead-free glasses only
0,3
0,2

0,1
O J T T T T T T T 1

350 400 450 500 550 600 650 700 750
Wavelength / nm

The shown microscope system has originally a good transmission at 350...380nm. The value is between
0,45 and 0, 85. Transmission drops dramatically after replacing the lead glass types. At 350nm the
transmission drops from to 0,72 (72%) down to 0,15( 15%). At 350nm we would have a transmission less
than 0,01 (<1%). These transmission values are not sufficient. The mentioned microscopic techniques
would not work with such a system.
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Appendix 1: 68 papers which describe research using Laser Capture Micro Dissection in detail. Most of
them are related to cancer

Appendix 2: additional 7 papers published 2015..2019. Most of them are related to cancer.



