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Introduction: Insufficient oxygenation of cells and tissues can lead to hypoxia, a pathology present in several diseases 
including cancer, strokes or heart diseases, which leads to irreversible tissue damage and necrosis. To improve oxygen 
transport, oxygen delivery systems have emerged as a promising solution to reverse, or at least minimize, hypoxia damage. 
Hemoglobin based oxygen carriers (HBOCs) are of utmost interest due to the incorporation of hemoglobin (Hb), which is the 
main component of red blood cells (RBCs) and the protein responsible for oxygen transport.  
In this work, we present a novel HBOCs consisting of a poly(L-lysine-co-glycolide) (PLGA) nanoparticle (NP) core decorated 
with polydopamine (PDA)-coated Hb. The PDA coating aims to avoid the dissociation of the Hb molecule while, as a result 
of its antioxidant properties, it also aims to prevent the oxidation of Hb into non-functional metHb. The assembly is further 
decorated by inorganic cerium oxide (CO-NPs) which, as a result of their antioxidant catalytic properties, further prevent 
Hb’s auto-oxidation. To obtain anti-fouling properties to prolong the nano-carriers half-life in the bloodstream, the assembly 
is further modified with poly(ethylene glycol) (PEG).    

 
 
 
Materials and Methods: 200 nm-diameter size PLGA NPs were synthesized using the double emulsification method. PDA-
coated Hb and CO-NPs were incorporated employing the layer-by-layer technique. The complete assembly was characterized 
using zeta-potential measurements, and DIC and cryoTEM imaging. PDA-coated Hb-NPs were further characterized using 
CD and FTIR. Emphasis lay on the ability to carry and release oxygen which was examined by UV-Vis. CO-NPs were 
synthesized, characterized using DLS, zeta-potential, and TEM imaging, and tested for their antioxidant properties.  
 
Results and Discussion: Zeta potential measurements show successful deposition of the different coating layers (i.e., PDA-
Hb-NPs, CO-NP and PEG) onto the PLGA core. CryoTEM further confirms the deposition of CO-NPs onto the PLGA-NPs. 
The as prepared HBOCs are monodisperse with an overall size of ~260 nm. FTIR and CD measurements show preservation 
of Hb’s structure following PDA coating. The functionality of the Hb loaded into the carrier in terms of oxygen binding and 
releasing properties was shown to not be compromised by the PDA coating. The synthesized CO-NPs had a size of 3.6 nm 
and their antioxidant properties were demonstrated by superoxide radical and hydrogen peroxide scavenging. 
To sum up, we have reported the successful assembly of a novel HBOCs with antioxidant properties. Future experiments will 
focus on evaluating the HBOCs in vitro biocompatibility under normoxia and hypoxia conditions.  

Schematics of the layer-by-layer assembly of the hemoglobin based oxygen carrier. 


