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Measurement of Hemoglobin Concentration of Single Red Blood Cell

Using Raman Spectroscopy
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Abstract Hemoglobin concentrations of single red blood cells are measured by single cell laser tweezers Raman
spectroscopy. Hemoglobin solution with different concentrations is prepared and the linear relationship between
Raman intensity and hemoglobin concentration is obtained. By detecting the Raman spectrum of a single red blood
cell, the hemoglobin concentration of a single red blood cell is calculated according to the linear formula. Raman
spectra of 70 red blood cells are measured. The calculated hemoglobin concentration of single red blood cells is
from 270 g/L to 500 g/L. Mature erythrocytes account for more than 90% of the red blood cells and its hemoglobin
concentration is 350~450 g/L. The hemoglobin concentration of reticulocyte is 300 g/L or less, and the hemoglobin
concentration of old red blood cells is higher than 450 g/L. The conclusion conforms to the standard of mean
corpuscular hemoglobin concentration (MCHC) 310~370 g/L. Using this method to measure hemoglobin
concentration of single red blood cells is quick, non—destructive, simple and accurate. This shows the advantages
of Raman spectroscopy on single cell analysis.
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Table 1 Linearity of Hb concentration and spectral intensity regression equation and relative error

Linear regression equation Correlation coefficient
y=2.3466x + 87.8878 0.99924
Hb concentration /(g/L) Actual spectral intensity (a.u.)  Theoretical spectral intensity (a.u.) Relative error
150 431.2368 439.8778 0.020
150 429.0813 439.8778 0.025
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Fig.3 Raman spectra of a single red blood cell
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Table 2 Raman band assignment and mode of Hb

Wavenumber /cm™' Mode Assignment Wavenumber /em™ Mode Assignment
753 Vis v (pyr breathing) 1451 —CH, —CH, (scissor)
1000 Vi V (CsCi)uym 1546 Vi v (CsCy)
1214 Vis +Vis 3 (C.H) 1608 Vio V (CaCo)am
1337 Vai v (pyrrole half-ring)..,. 1617 v (Ca=Cb) v (Ca=Cb)
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Fig.4 Intracellular hemoglobin concentration profile of 70 red blood cells
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