Problem 10. ESR (9 points)
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You certainly had already done a hematology test, one of the most important clinical indicators of which is the erythrocyte sedimentation rate (ESR). This simple test helps to identify heals problems for almost 100 years, allowing to distinguish in most cases a slight cold from a more serious deceases.
1. How is the ESR value measured? What do physicians recognize from the ESR value? (1 point)
Blood is a typical colloidal system with the erythrocytes as the main component, which is the main oxygen carrier in our body. The human red blood cells are disc-shaped and carrying a negative charge on their surface.

2. What are the main forces which prevent red blood cells from aggregation within blood circulating through the body? (1 point)
Nevertheless there is an evident attractive force between erythrocytes. On looking at a blood specimen through the microscope, one can notice that the red blood cells reversibly stick to each other.

3. Explain why do erythrocytes aggregate exactly into columns (Fig. 1b)? (0.5 points) What are the aggregation patterns which could be seen by a biologist through the microscope, if a specimen of human blood (erythrocytes diameter is ~ 6.5 μm) and a specimen of a rabbit blood (erythrocytes diameter is ~ 8 μm) were mixed together? (0.5 points)
4. Explain how the red blood cells aggregation degree affects the ESR value. (1 point)
There are two models for describing the erythrocyte aggregation in the presence of proteins, polymers and other nanoparticles, leading to quite similar conclusions (Fig. 2).
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Fig. 2. a) Additional particles are adsorbing on the red blood cells surfaces and so holding them together. b) There are depletion layer near the surface of the red blood cells because particles can’t occupy all the volume near the cell surface; overlapping of depletion layers leads to increase of the total available to nanoparticles volume (so the total entropy of the system is increased because of the increase of the nanoparticles entropy).

5. Why does ESR value change during a disease? (1 point) What are the plasma proteins which are affecting most strongly on such a change, and how this is related to their concentration and size? (1 point) Propose an experimental scheme (preferably using some kind of a demonstrative nanotechnology) that will establish which one aggregation model is consistent with aggregation of these proteins. (1 point)
Concentration of C-reactive protein is another useful parameter which allows us to estimate the disease severity, this concentration increases during inflammatory processes.

6. Why do changes of the C-reactive protein concentration have little effect on ESR value? (1 point). Why assessment of treatment effectiveness by measuring the ESR value and not the C-reactive protein concentration may lead to incorrect conclusions (what are the conclusions?)? (1 point)
