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The use of Red Blood Cells (RBCs) as

Previous work performed in our laboratory [3,4] proved that the fluid shear

drug carriers is a challenging topic with — Chemotherapyioday stress is able to temporary open the pores naturally present in RBCs

N .
relevant applications in clinical practice Drug] 1 — RBCs as carriers

[1, 2], especially in the treatment of

cancer, where a sustained release of

the drug can be a valid alternative to
immunotherapy. The use of biological Therapeutic
drug cairriers — autologous RBCs among range
few others — will allow for a prolonged

residence time in the body and for a

INEFFECTIVE

reduction in the toxic peak, usually due
: 0 20 DOYS
to standard overdosing procedures.
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Flow cytometer analyses of different encapsulation conditions, each dot corresponds to a single event (cell or debris). Top
panel, high number of fragments, characterized by small dimensions) can be seen in the red circles (mainly in B), showing the
effect of channel length (A: Lp15; B: LLB15). Bottom panel, physiological cytograms corresponding to different flow rates (C.:
MPBO, D: MB15, E: MP40). Three different zones can be identified in the cytograms: R1 corresponds to normal (biconcave
shaped) RBCs, R3 corresponds to echinocytes, while R2 is a transition region.

membrane and allow for the diffusion of a molecule from the solution to the
RBC cytoplasmic fluid. Thus, part of the drug can be “hidden” inside the cells
and gradually released when the RBCs naturally break up.

DISPOSABLE CARTRIDGE TESTING
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Experimental encapsulation tests were performed on human blood obtained
from donors using a microfluidic channel with optimized dimensions. By
setting the proper molecule concentration (FITC-Dextran, molecular weight
40 + 150 kDa) and fluid flow rate, it iIs possible to achieve more than 80%
efficiency in the encapsulation. Confocal microscopy images confirmed the
presence of the fluorescent molecule inside the cells, while cytofluorimetric
analysis confimed that the cells maintained their physiological shape. A
delicate balance needs to be maintained in order to achieve adequate
encapsulation in relatively short times and avoid mechanical hemolysis of
the cells.
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mcv 8.026 Results of the CFD model on a representative cross section for a simulation at 30 pl/min and Ht = 5%. Shear stress (A), efficiency
Encapsulation index (B) calculated with Eqg. 5, velocity magnitude (C). Volume fraction of the dispersed phase for low flow rate
[DX] 3.102 0.171 (D. 0.25 pl/min) and high flow rate (E. 30 pl/min) on a flow section close to the outlet.
RDW 1.944 0.809
MCHC 0.898 0.430
. Regression coefficient B and standard error of the Velocity Velucit\r-' - compa rison
Haemoglobin 0.559 0.710 multivariate linear regression for the estimation of the m/s] 038
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e On the left, colour map of micro-PIV velocity for a flow rate of 30 yl/min and Ht = 1%. On the right, velocity comparison of the
micro-PIV (solid line, data are shown as mean and SD on 100 image pairs) and CFD (dashed line) for the same fluid dynamic
Confocal microscopy. Left panel: fluorescent images of RBCs, numbers refer conditions. lencap is also reported at varying length.
to top-bottom direction. Right panel: confocal images of FITC dextran
encapsulated in a RBC from sample My30. Scale bar is 10 ym and the z-
distance between the imagesis 0.8 um.
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