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Donor blood is a vital resource to account for blood loss experienced during accidents, trauma and 
surgeries. The collection, storage and transfusion of this blood is however a tedious process. This is 
due to hindrances associated with its short shelf life, limited availability, risks of disease transmission 
and the need for typing and matching to name a few. 1 Thus, the creation of red blood cell substitutes 
(RBCS) is an important challenge in the biomedical field. Several RBCS have been reported and some 
have even received limited approval for use in critical situations where donor blood is not available.2 
However, an important limitation of the reported RBCS is their short circulation life-times. In order to 
meet the high oxygen demands of our bodies, RBCS displaying extended vascular residence times are 
highly sought after. 

Unlike native RBC, most of the current RBCS are spherical assemblies, since they have been mainly 
fabricated by bottom-up approaches.3 Thus, we hypothesize that by mimicking the unique physical as-
pects of native RBC, we can create RBCS with longer circulation times than those reported so far. 
Therefore, we aim to create a library of biomimetic hydrogel microparticles with varying shapes and 
sizes to achieve long circulating RBCS. 

Hydrogel microparticles maintaining the aspect ratio of RBC in various shapes and sizes were fabricated 
to serve as a preliminary library for RBCS. To fabricate these, a master template in Silicon with features 
identical with those of the desired particles was fabricated by using photolithography and reactive ion 
etching (RIE) (Fig.1A). Arrays of 25 µm tall circular, elliptical, square and rod-shaped structures were 
obtained. The fabricated master was used to imprint wells with the inverse geometry in a Cyclo Olefin 
Polymer (COP) sheet by hot embossing (Fig.1B). The non-toxic flexible COP stamp was wetted with 
uncured Polyethylene glycol (PEG) hydrogel  formulation and the solution was pressed into the wells by 
roll-to-plate embossing. Next, a flexible Poly-vinyl alcohol (PVA) substrate was placed onto the filled 
COP stamp. The stack was subjected to high pressure and the hydrogels were cross-linked in a UV 
nanoimprint lithography (UV-NIL) system. In this process, the COP stamp mechanically punched 
through the hydrogel flash layer and the PEG hydrogel microparticles were transferred onto the PVA 
substrate (Fig.1C). The hydrogels were then easily harvested by dissolving the water soluble PVA sub-
strate.  

The loading of the fabricated hydrogel particles with hemoglobin is currently being explored. 

 

Figure 1: SEM images of the 100 µm x 25 µm x 25 µm rod shaped - (a) structures fabricated on a Si 

master template by photolithography and RIE, (b) wells imprinted on a COP foil via hot embossing and 

(c) PEG hydrogel microparticles on a PVA substrate fabricated by roll-to-plate embossing and UV 

nanoimprint lithography 
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