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Introduction

The ability of leukocytes (white blood cells) to undergo large deformation and then recover to their initial spherical shape
has been exploited to determine the material properties of the cell. Leukocytes are nearly spherical with a diameter of
about 8um and their surface 1s covered by microvilli that protrude from the surface (Figure 1) (Kamm 2002). Most of our
knowledge about leukocyte rheology has come from micropipette aspiration studies as shown 1n Figure 2. Rheological
parameters for the cell are obtained by fitting the measured relaxation history to that of a theoretical model with an
assumed constitutive equation for the interface. The most simple and common model considers the cell as a Newtonian
droplet with constant surface tension interface. Nevertheless, 1t has been observed that the rheological properties of the cell
are dependent on the deformation extent and rate, and that there exists a characteristic elastic response with a fading
elastic memory (Marella and Udaykumar 2004). Based on this observation, we develop a model of a cell with an elastic
membrane and compare it's behavior to that of a clean drop.

Figure 1. Scanning elctron micrograph of
neutrophils showing their spherical shape with

numerous microvilli distributed over the surface.
Reproduced from Dong and Skalak 1992.

* The specific objective of this work is to determine how the relaxation history of clean drops differ from that of a
model cell with an elastic membrane enclosing a Newtonian fluid.
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Methods
The comp!ete axisymmetric Stokes equqtion couplgd with the interfacial dynamic equat.ions are solved using the 7.3 Where L and B are the
boundary integral method. Two interfacial constitutive models are used, a clean drop with a constant surface DF =="2 . Jrincinal lenoths of the (1)
tension, y and a capsule with an elastic membrane which 1s modeled as a Hookean material. An iitially L+B’ E . IP; (Fi g3)
deformed cell 1s allowed to relax 1in an otherwise quiescent fluid. The initial shape 1s that of a cylinder with a P 5
hemispherical cap on each side resembling the shape of a leukocyte after deformation in a micropipette (see Y 2)
Figures 2 and 3). The position of the membrane is recorded at regular time intervals. Non-dimensional A=
parameters are defined to better characterize the relaxation of the cells, Table 1 lists these parameters. The Hin
instantaneous relaxation time, td* (see Table 1 eq. 3), is calculated assuming that at each time the deformation ‘E
parameter DF (see Table 1 eq. 1) follows the small deformation approximation (Velankar et al. 2004), ¢ *d — LY. : t*H o = sh 3)
’ ookean
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Note that the instantaneous relaxation time, t , 1s not a measurement of the actual time it takes the cell to return | ¢° drop = St Hookean = 4)
to 1t's original shape but 1t's a parameter related to the instantaneous slope of the relaxation curve. Ro M, RoH;,
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—Drop: 2 =.01 6 :B[gg; o Table 1. Nondimensional parameters used for analizing the
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_____ ke 3 =01 — Drop: 2 = 0.01 relaxation of a capsule 1n an otherwise quiescent fluid. (1) DF
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_____ Hooke 2 = 01 ook 2.2 10 is the Taylor relaxation parameter, (2) A is the viscosity ratio,

4 | Hookean- 2 = 0.01 (3) t is the non-dimensional time with Y, being the surface

tension coefficient, ESh the shear modulus for the Hookean
membrane, R the radius of a sphere with equal volume and

A _ : (4) t*d 1s the non-dimensional relaxation time (see Velankar et
10° S SN ' ' 0 . . . . al. 2004).
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Figure 4. Deformation parameter, DF, as a function Figure 5. Non-dimensional instantaneous relaxation
o . o k o o . sk . .
of non-dimensional time, t . Rate of relaxation is a time,t ,asa function of deformation parameter, DF.

function of viscosity ratio, A, and membrane
constitutive model.
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