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As drug carriers, erythrocytes (RBCs) can load drugs (nanoparticles) in their 

inner volume or onto their surface of membrane. In most protocols of hospital 
manipulation are loading drugs into the carrier of RBC inner volume often needs the 
steps such as hypotonic loading through the formation of transient membrane pores, 
representing potential sites for carriage of therapeutics, surface changes using cell-
penetrating peptides to import therapeutic proteins and fusion of RBCs with drug-
loaded liposomes [1-4]. In this work we develop a mathematical model to predict the 
changes of state of erythrocytes membrane after the injection of nanoparticles by 
considering the following assumptions: the flow of nanoparticles is one-dimensional 
under isothermal conditions; the membrane of cells is heterogeneous; the 
nanoparticles moves in membrane RBCs follow Darcy’s law; the viscosity and 
density are constant. RBCs are deformable yet mechanically stable, withstanding 
large shear stresses. The robust mechanical properties of RBCs come from the 
spectrin-actin membrane skeleton, a quasi-hexagonal cytoskeletal network of long 
and flexible spectrin tetramers interconnecting short actin nodes. This network of a 
two-dimensional lattice is tethered to the bilayer via ‘vertical interactions’ mediated 
by ankyrin molecules [5-6]. In the differential equations of this model appear some 
parameters which are assumed as constant characteristics of the medium. 
Nanoparticle movement is due to Brownian diffusion and the flow of nanoparticles 
can be divided into two categories based on the behavior of nanoparticles in water 
(hydrophobic or hydrophilic nanoparticles). The transport of nanoparticles in the 
bilayers of RBCs membrane is given by considering Brownian diffusion, as shown in 
Eq. (1): 
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where x is the distance of move of particle, t is time, ul is critical velocity for entrain 
particles, 𝜙 is the porosity of the membrane, Sl, are the saturation, viscosity, and 
porosity of pore l , Ci,l is the concentration of nanoparticles, Di,l  is the dispersion 
coefficient of nanoparticles in size interval i in thickness pore  l, and Ri,l is the net rate 
nanoparticle loss in interval i in pore l, where nanoparticles get entrapped and 
absorbed in the pores of membrane. Hence, it is important to consider the net loss rate 
of nanoparticles, which is given by after the modification, as shown in Eq.(2): 

𝑅௝.௟ ൌ
డజ೔,೗

డ௧
൅

డజ೔,೗
భ

డ௧
                        (2) 

 



4                                                      ІV Всеукраїнська науково-практична інтернет-конференція 

where 𝜐௜,௟ is the volume of nanoparticles in contact with pore l of membrane, 
available on the pore surfaces per unit bulk volume. The entrapment of nanoparticles 
in the interval i at time t is given below Eq. (3): 
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where βαt,i,l  the parameter depends on the type of proteins blocking. The model is 
developed of help to form the basic understanding for investigation new flows 
nanoparticle transport in membranes of cells. The nanoparticle deposition in the pore 
of membrane space deteriorates the permeability, affecting both pressure and velocity 
drug carriers. At this stage the focus of research our work the further phases of 
investigated of nanoparticles injection with RBCs to provide sound data for in vivo 
correlation of characterize model of nanoparticle transport in erythrocyte membranes 
at their initial stages. 
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