
Lighting the way towards  
live tissue imaging

What is the problem?

What does this mean? 
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What did we find?

What did we do?
Imaging is an important tool in biomedical research and importantly, in this 
context, is the ability to image live tissue. To do this it is necessary to use 
gentle imaging techniques to minimise tissue damage. We do this by using 
light of long wavelength and low power, e.g. infrared light with wavelength 
well over 1000nm (1nm = a billionth of a metre). Long wavelength light also 
has the advantage that it scatters less than light of short wavelength, allowing 
us to observe deeper parts of samples while causing minimal damage and 
without the need to slice the tissue into thin layers. 

Imaging of live tissue is typically done using a type of microscopy called multi-
photon imaging microscopy. This uses lasers, typically Ti:Sapphire lasers (Ti 
= titanium), which produce light with a wavelength of 1080nm. In order to 
generate light of even longer wavelength, complex and expensive devices 
and equipment are required.

The aim of my project was to construct a simple light source that produced 
wavelengths greater than 1080nm, that was suitable for imaging live tissue 
and avoided the use of complex, expensive equipment.

I have shown that, in principle, it is possible to build a long wavelength 
light source which is suitable for imaging live tissue without the need for 
complex and expensive equipment. These findings could be developed to 
build light sources that can excite fluorescent dyes over a wide spectrum 
of wavelengths capable of imaging living tissue, as opposed to the 
currently tested prepared tissue samples, without damaging it.

I am currently in the final year of my Bachelor of Honours degree in Physics 
at the University of Strathclyde. My final year project is in the field of optical 
spectroscopy and I am currently applying for PhD positions due to start in 
October this year. I would like to thank Medical Research Scotland for funding 
this summer project and my supervisors Dr Johanna Trägårdh and Prof Gail 
McConnell for their support during these exciting six weeks.

Jan was supervised during his Vacation Scholarship project, “Extending multi-photon imaging beyond the Ti:Sapphire laser 
wavelength range using a Raman wavelength converter”, by Dr Johanna Trägårdh.

The results showed that the output spectrum was broadened  
and wavelength shifts occurred, as expected, from the single peak 
input at 1064nm to 1175nm and 1312nm respectively (see Figure 3). 
Measurements of stability and pulse length were also promising and 
I moved on to test imaging 
with the setup.

The test imaging was the 
crucial part of this project. 
I found that two-photon 
microscopy was indeed 
possible with the light 
source I built. Furthermore, 
the output power could 
be kept low enough to 
avoid photo bleaching and 
damage to the samples 
while still obtaining good 
image quality (see Figures 
4 and 5).

I constructed and characterised a long wavelength 
light source using an ultrafast high pulse energy 
fibre laser emitting light of 1064nm wavelength 
(see Figure 1) which was passed through an Yttrium 
Vanadate (YVO4) crystal (see Figure 2) in a single 
pass setup, i.e. the light from the laser only passes 
through the crystal once before it is guided to the 
sample. Transit through the crystal alters the light via 
a process called Raman scattering which resulted in 
the input wavelength of 1064nm being shifted to a 
longer wavelength, as well as the output spectrum 
of wavelengths being broadened, so there are 
multiple peak output wavelengths (see Figure 3). 
I characterised the output pulses with respect to 
spectral width, power stability and pulse length.

After preparing the light source, I used it to image 
samples of previously living cells, which had been 

prepared so as to be suitable for two-photon 
microscopy (a type of the above mentioned multi-
photon microscopy) at the wavelengths produced 
from the light source. Photons are particles of light 
and two-photon microscopy uses a process where 
two photons are absorbed and excite a fluorescent 

dye, giving off fluorescent light as a result, in one 
event (known as two-photon absorption), rather than 
just one photon. This is the key process that allows 
us to use long wavelengths. I evaluated the light 
source with respect to image quality, signal level, 
photo bleaching and sample damage.
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Figure 1 shows the experimental setup with the YVO4 crystal in the middle.
Figure 2 shows a close-up picture of the YVO4 crystal while the laser is on 
and the setup is in operation.

Figure 4 shows a cell with fluorescently labelled F-actin 
filaments (which are involved in cell/muscle movement).

Figure 5 shows fluorescently labelled Dendritic Cells, an 
immune system cell.

Figure 3 shows the typical output spectrum of the YVO4 
crystal with the expected shifts to 1175nm (red dashed 
line) and 1312nm (green dashed line). The other peaks, 
which were not expected, warrant further investigation.


