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Diffusion plays a decisive role in brain
function. In treating brain disorders,
where diffusion is often compromised,
understanding the transport of mole-
cules can be essential to effective drug
delivery. It became apparent that the
classical laws of diffusion, cast in the
framework of porous media theory, can
deliver an accurate quantitative descrip-
tion of the way that molecules are trans-
ported through the brain tissue [2-3].

The diffusion-generated concentration
distributions of well-chosen molecules
also reveal the structure of brain tissue.
This structure is represented by the volu-
me fraction (void space) and the tortuo-
sity (hindrance to diffusion imposed by
local boundaries or local viscosity).

Transport phenomena through porous
media have been the subject of various
studies due to an increasing need for a
better understanding of the associated
transport processes. The brain contains a
complicated network of specialized
cells called neurons (or nerve cells) and
glia (glial cells), each of which is boun-
ded by a thin membrane. The membra-
ne separates the brain into two compart-
ments: extra cellular space (ECS), and
intracellular space (ICS). From the per-
spective of the transport equations, the
densely packed cells of the brain and
their interstitial spaces can be regarded
as resembling a porous medium with
two phases, one permeant and one im-
permeant. The interstitial spaces remain
open under most conditions and the
ECS, from a topological viewpoint, is a
multiply connected three-dimensional
domain. The averaged mass diffusion
equation is [2]:
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where we noted D* = 22 D - the
diffusivity in pure fluid, D* - effective
diffusivity in porous medium, A - tortuo-
sity, t - time, C — concentration of spe-
cies, € - volume fraction (porosity) and
s - source term.

It can be shown by numerical evaluati-
on of equation [2] with realistic parame-
ters that usually it holds only when C(rt)
as a dependence of position and time
the condition r > 2b is satisfied. If it is
assumed that the injected material forms
a cavity and in this case a numerical so-
lution is required [2]. A set of numerical
simulations concerning the concentra-
tion profile evolution for three types of
idealized cells, considering two possi-
ble injection mechanisms will be pre-
sented.

The computations were performed for
three different idealized cell configura-
tions, for which the tortuosity versus dif-
fusion coefficient variation was reported
[5]. The three types of cells are presen-
ted, together with their characteristics,
in Figure 2.2-1.
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Two types of injection source were con-
sidered: the case when the injected sub-
stance forms a spherical cavity (Figure
2.2-2 a) and the case when the injected
substance is confined to the pore space
(Figure 2.2-2 b).a)

Figures 2.2-3 a-c present the calculated
time evolution of concentration as a
function of distance from center of cavi-
ty, when the injection is of type (a).

The same type of dependencies, but in
the case of an injection of type (b), is de-
picted in Figures 2.2-4 a-c. The same vo-
lume of substance injected as in (a), but
it is now confined to the pore space and
so initial radius will modify, according to
the corresponding porosity value.

A comparison of concentration profiles at
two different time values, t= 10 and 100 s,
for an injection of type (b) is presented in
Figures 2.2-5. The type of comparison
between the concentration profiles at the
same moment of time gives a better image
of the influence of cell parameters on the
transport inside the brain tissue.
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Abb. 2.2-1: Schematic 3-D structures used in computations a) Type 1: €=0.2166, A=1.25,

b) Type 2: €=0.3, A=2.4, c) Type 3: €=0.2, A=2.1 [4]

a)

b)

Abb. 2.2-2: Models of injection source; (a) The injected substance forms a spherical cavity,
(b) The injected substance is confined to the pore space [2]



We can conclude that brain tissues can
be treated as a permeable medium for
describing the transport of drugs and nu-
trient substances. The mathematical mo-
delisation and the numerical simulati-
ons are successfully applied in the
investigation of diffusion processes in
tissues, replacing the costly laboratory
investigations. By measuring the time
evolution of the concentration profile of
an injected substance and using suitable
fitting procedures, the main parameters
(tortuosity, volume fraction) which cha-
racterize the tissue can be determined,
analyzed and optimized.
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Abb. 2.2-3: Time evolution of concentration as a function of distance from center of cavity when the injection is of type (a) for the three types of

schematic cells

B Bl —i=0s
\ \ ——t=10%
— 20
§ o — 508
N A 1003 |
RN
& 1z \
SN
0 v ﬁ:—%“""— T )
0 00 400 &0 800

Distance (microns)

Concaniralion (dmansionless)

Conceniraion (dimensioniess)

h — =l

\ —— =108
=20
=50 5
=100 %

— =03
—=10s
=208
— =508
=100 8

o
- .
200 &na Lo B0

Distance (microns)

L]

g
Destancs [macrons)

€]

Abb. 2.2-4: Time evolution of concentration as a function of distance from center of cavity when the injection is of type (b) for the three types of

schematic cells
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Abb. 2.2-5: Comparison of concentration profiles at two different time values t = 10 and 100 s, In the case of a (b)-type injection




