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Abstract ]The model of an isolated organ system
has been constructed to simulate the behavior of
drug in the circulatory system of an acting organ
or site. The model is developed on the following
assumptions: The drug in the microcirculatory
system cannot permeate the capillary walls. The
capillary bed is modeled as a simple ideal plug
flow system with and without radial concentration
gradient. The mathematical model is developed
from basic considerations of drug distribt tion with
hemodynamical and pharmacokinetical meanings.

It is considered that a nonmetabolic drug
inflow
site of an isolated organ at a constant rate.

substance is injected into the arterial

The concentration of the drug in the outflow

site is mathematically expressed as a function of

time.
Keywords[ JModel—plug flow of blood; Model—
radial concentration gradient; Model—drug
distribution; Drug distribution—mathematical
model.

Conventional pharmacokinetic =~ models

have been widely applied to simulate the
kinetic behavior of drug levels in blood or
plasma. However, the knowledge of drug
levels in blood or plasma versus time may
not provide sufficient information for adequate
therapy. The kinetic information of drug
levels in brain, cerebrospinal fluid, blood,
organs, and tissues of pharmacological inter-
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est may be necessary for the development of

regimens®%3,

more appropriate dosage
Drug levels in each site are influenced by the
vascularity and hydrodynamic mode of blood
circulation in the site!. Drugs are distributed
in the circulatory system and are carried to
the highly permeable capillaries where most
of the mass transfer of drugs take place®®

Earlier works”8 concerning the hemo-
dynamics of vascular tracers or drugs required
the volume of distribution and the flow rate.
The model developed and used in this study
is an isolated system to simulate the behavior
of drugs in the capillary of an organ or acting
site. The model is developed from basic con-
siderations of drug distribution with hemo-

dynamical and pharmacokinetical meanings.

Model
The following conditions are considered:

1) Blood circulatory system is constructed
with rigid capillary network which has a
constant volume. 2) The drug in the micro-
circulatory system canpot permeate the
capillary walls. 3) The capillary bed could
be modeled as a simple ideal plug flow system.
4) Venous blood is not recirculated to the
arterial inflow.

It is considered that, beginning at time
t =0, a non-metabolic drug substance is
inflow of an

injected into the arterial
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Scheme J: Simple physical model of capillaries in the
isolated organ
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Scheme II: Plug flow through a capillary in the isolated
organ.

isolated organ at a constant rate, q. The
concentration of the drug in the venous
outflow, C,, is then measured as a function
of time from t = 0 to t = co. The situation
is simplified as described in Scheme 1.
Mathematical Description

Simple plug flow through a capillary has
been modeled as shown in Scheme 2.
Taking mass balance where no radial con-
centration gradient is assumed.

-aaT(n:RZC,-AX)=77:R2UC,-l — 7 R2UC)
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Divide by 7R24X and take limit,
oC; 2C,; C;
TR aaXZ' —U gx'

where D denotes the longitudinal diffusion

coefficient of drug, U is the linear flow rate.

i) If we neglect the diffusion, then EQ(1)

reduces to

oC; — _11.0C;

ot oX
which can be solved with B.C. and 1.C. such
that

att=0, C,=0, X>0

atX=0, C;=-3., t>0
Q >

Taking Laplace transform, then

&~ _y S =0, G=_4d
SC; % at X=0, C‘__QT
Therefore
~ S
=g exp(—TX)
Taking inverse Laplace transform,
=-__‘l_r( _l) ............
=Tt 3
where I'(t) is an unit step function.
Therefore
. q _ L A"
c,,(t)__cTr(t T) where L——Y_
C.(t =L]‘<t__y___> ..................
=3 R @

ii) Diffusion is taken into account with I.C.
and B.C. such that

at t=0, C.=0

X=0, C;=-1_ >0
Q >

X=co0, C, is finite
Taking Laplace transform of EQ(1).
d2C;

~ o d2C; 1 dG,
SCG=P-x——U-axr
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Qs
X =00, 5,-=ﬁnite
Then
E00= Aexp( U+ +U%+44DS x)
2D
-+B exp( v U2+4DS ) ...... o)
2D
Substituting boundary conditions, then, A=0,
B——Q—S~ therefore,
~ _q Ux )
& 00=-gs-exn (-
v U?4+4DS
exp (—- __2_1)___}() ...... (6)
2 —7 5= 2-U
Let U244DS=Z, S D
~ _ 4Dgq (—fz‘ ) (UX)
.............................. (7)

‘Taking inverse Laplace transform of EQ(7)
using convolution,

CiX, )=—229 exp( ux )

Q 2D
I;F(t ——r).,C'l(exp (—-—2%)) """ ®
where
F@)=L"1 [7—_1'132_] =exp (U%t)
LY exp(—kv/Z))= Tkn—t—; CXP("Z—i>
‘Therefore
CiX, )= 4gq exp (%) J;CXP [UAt—¢ )
- 11/5 exp ( 16—D)§z' )d T veeerieeens ©)

If we rewrite EQ(9)

CiX, O=-Fexp (350)f oo [Ux(t—7)]

1 X
Ve P (e o
In a single ideal plug-fiow system with the as-
sumption of no radial concentration gradient,
therefore, the concentration of the drug in
the outflow site will be simplified as follows.

Co(t)= -Lexp ( UL )f exp [U%(t—7)

Q
L 1
— 16D2r]—177dr ..................... an

Under this situation, the concentration of a
non-metabolic drug in the outflow site has a
step profile after some lag period, t = V/Q,
based on EQ(4) and EQ(11) as shown in
Figure 1.
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Fig. 1: The concentration of drug in the venous
outflow site. Plug flow without (A) and
with (B) radial concentration gradient.
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