The influence of membrane permeability on bi-exponential behavior of diffuson-attenuated MR signal from a single cell
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We recently analyzed in detail the behavior of the diffusion-attenuated MR signal in a single compartment with impermeable
boundary (1). It was shown that for short diffusion time A = t,, t, =a*/D isthe characteristic diffusion time (a is a compartment
size, D is the free-diffusion coefficient), the signal dependence on the b-value can be approximated to a remarkable degree by the bi-
exponential function && f, exp(—bD, )+ (1- f,)exp(—bD,) . The physical underpinning of this approximation is the presence of a
strongly inhomogeneous distribution of magnetization at A = t, . Here all spins can be conditionally divided into two populations:
one population, comprising spins located far from the boundary, can be considered as unrestricted (fast-diffusing pool); the other
population, comprising spins located near the boundary, is restricted due to encounters with the boundary (slow-diffusion pool). The
subject of this communication concerns the manner in which a boundary with finite permeability « “nibbles’ at the slow-diffusing
pool and affects the bi-exponential behavior of the signal.

For short diffusion times, the MR signal from a single compartment of asize a is similar to the signal from a one-dimensional
periodic structure of period a, which alows an exact analytical solution. In the narrow pulse approximation, we find rather simple
expressions for the local magnetization distribution inside the compartment M (x,A) and the net spin echo signal S(A):
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where q=yGd , yisthe gyromagnetic ratio, G is afield gradient, - isapulse duration, 7 =A/t,, m=ual/D, x, are non-negative
roots of the equation 2m(cosx —cos(ga)) = x-sinx . In the limit of completely permeable membranes (free diffusion, m=e-), Eq.

[1] reduces to the standard homogeneous magnetization M (x,A) = exp(—=Dg’A) . In the opposite limit of completely impermeable
membranes, Eq. [2] reduces to the well-known result (2).

As an example, the real part of the function M (x,A) is shown in Fig. 1 for
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We conclude that bi-exponential signal behavior predicted at short diffusiontime A = t, for asingle compartment with impermeable
boundary [1] is still found in the presence of a boundary with finite permeability in the range expected of biological membranes.
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