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We were able to show that both erythrocytes and thrombocytes have their own Raman
profile [Fig.1], which will allow the identification of residual leukocytes in the preparation
since the spectra of leukocytes should be different when compared to erythrocytes and
thrombocytes. Quality control studies of erythrocyte concentrates during storage showed
the expected metabolic consumption by decrease of glucose and citrate and increase in
lactate and lactate dehydrogenase (LDH) as well as an increase in free hemoglobin and
hemolysis. This is correlated with a significant shift of the measure points from day 1
until day 42 in the PCA of the Raman spectra [data not shown]. Quality control studies of
platelet concentrates showed the expected decrease in platelet activation capacity [Fig.
2]. There are clear spectral differences between the samples with TRAP and without
TRAP [Fig. 3]. We saw in platelets a similar expected decrease of consumption of
clinical chemical parameters, like in erythrocytes [data not shown]. The use of Raman
microscopy may lead to essential improvements in the field of transfusion medicine.
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Raman microscopy is based on detection of light inelastically scattered by molecules
and shifted to the red (long-wave) range. The photons, which are changed in
wavelength, are subsequently detected by a spectrograph. As all the molecules within a
cell contribute to the Raman spectrum, the spectral sum is as characteristic as a
fingerprint. In this project we want to generate Raman profiles of red blood cells and
platelet concentrates during the normal storage process. The identified parameters are a
quality feature for blood products with regard to aging and functionality.

Monitoring of sample degradation and detection of different platelet activation pathways
(thrombin-mediated and TRAP mediated) by Raman microscopy is possible. For the first
time, the opportunity opens up to ensure a functional and quality control analysis of blood
products point of care before transfusion, especially a result of the leucocytes cell
content. So in conclusion, we expect a reducing of transfusion induced immunizations
against HLA class I.

In recent years, the safety of blood transfusion has shifted focus to detection of residual
leucocytes in platelet or erythrocyte concentrates, to prevent the immunization against
HLA class I, as well as to the stability and functionality of blood components during
storage. Currently, it is not required to test all blood products for e.g. residual leucocytes
or functional blood parameters, whether it has been described that residual leukocytes
leads to immunization. The aim of the present study is to use Raman microscopy to
develop a minimally invasive, innovative point-of-care technology for a faster, simpler
and highly reliable quality control analysis of blood products.

Outlook

The significant differences between the amide I, phenylalanine, tyrosine, and amide III
bands over time indicates a significant change in protein structures and conformations.
There are clear spectral differences between the samples with TRAP and without TRAP.
The detection of platelet activation by TRAP with Raman microscopy is possible.
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A microfluidic chip was developed from microfluidic ChipShop GmbH, Jena. Our aim is to
take a non-invasive probe before every blood transfusion with an integrated mircofluidic
chip on the transfusion bag and reading out the chip with BioRam and get a specific
Raman cell profile and so a specific overview about aging, functionality and cell content.

Raman spectral bands in the range of 1520-1700 cm-1 represent, in the case of
erythrocytes, the protein bands (phenylalanine, tyrosine and amide I vibrations) of
hemoglobin [Fig.4]. The analyze of changes in heme structure or conformation is possible.
The hemoglobin Raman band at about 1664 cm-1 shows a reduced intensity in bacteria
(immediately and after 3 hours) and also after 24 hours incubation at room temperature.
This indicates the formation of methemoglobin, which is due to the oxidation of the
bivalent Iron ion (Fe2+) of hemoglobin to trivalent iron ion (Fe3+) is formed. The color
change of the blood was also visible and confirmed the results [Fig.5].
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↑ Fig. 6: Schematic representation of an microfluidic chip with and a possible 
outlook of an erythrocytes concentrate with an integrated microfluidic chip in or 
at the transfusion bag 
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Study 1: 15 EK´s were analyzed at day 1 (after collection), day 21, day 42 (end of shelf life) and day 47.
Study 2: 12 PLT´s were analyzed at day 1 (after collection), day 4, day 5 (end of shelf life), day 6.
Study 3: 3 Ek´s fresh, EK´s + sputum bacteria, compared after 3 h and 24 h incubation, samples were incubated.
From all samples cell profiles were measured with the Raman Laser and evaluated using a high math. software analysis.

CellDyn Ruby (Abbott):
EK n=15: RBC, HB, HK, 
PLT n=12: PLT, MPV

AU480 (beckman coulter):
EK n=15/PLT n=12: potassium, 
glucose, lactate, lactate 
dehydrogenase, total protein,  
citrate 
EK n=15: free hemoglobin 

ABL80 (radiometer):
EK n=15/PLT n=12: pO2,
CO2, pH, sodium, calcium, 
chlorine

FACS Calibur
(becton dickinson):
EK n=15/PLT n=12: rWBC
PLT n=12: CD62

BactAlert (bioMeriéux):
EK n=3: sterility
sputum spiking experiments


