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Abstract 
Cryopreservation is a process where cells or tissues 
are preserved by cooling to sub-zero temperatures, 
where any enzymatic or chemical reaction is stopped 
due to lack of thermal energy1. Previous experiments 
studied the changes in cells at one specific layer. 
However, formation of ice on the surface, then into 
cell during the cooling process will affect image 
analysis. In this study, the physiochemical changes in 
Jurkat cells at three different layers were studied 
based on the distribution of ice, cryoprotectant, and 
cytochrome C using Raman Spectroscopy.  

  
    
   

 

Distribution of Ice, DMSO, and Cytochrome C at Different Layers 

Materials and Method 
Raman spectroscopy was performed on a Confocal 
Raman Microscopy System Alpha 300R (WITec, Ulm, 
Germany) equipped with UHTS300 spectrometer, 
DV401 CCD detector, 100X air objective lens, and a 
523nm Nd:YAG laser as excitation source.  
 
 
 
 
 

A four-stage Peltier and a 
series 800 temperature 
control were used to control 
cooling rates. Jurkat cells 
were cooled to -50°C. A 
thermocouple wire was 
attached to the aluminum-
coated surface to monitor 
the stage temperature. 
 
 

Figure 1:  
Four-stage Peltier 

Figure 2. Confocal Raman microscopy images of Jurkat cells frozen in 10% DMSO at 10°C/min cooling rate to -50°C.  

Determine Cell Viability based on Cytochrome C Conclusion 

Figure 3.  
Con foca l Raman 
microscopy images 
of distr ibut ion of 
cytochrome C of live 
and dead Jurkat cells 
at mid layer 

Cytochrome C is an indicator of cell entering apoptosis2. The difference in 
cytochrome C can only be observed in mid layer as shown in Figure 2. The 
decrease of cytochrome C intensity in dead cells compare to live cells in 
Figure 3 is due to diffusion of cytochrome C through the cells. 

Cytochrome C is a suitable marker to 
determine cell viability using provided signals 
are retrieved at mid layer of the cell. Cell 
morphology, ice formation, and DMSO 
distribution should be used to justify results 
obtained from cytochrome C.  
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