Pharmaceutical and Biomedical Sciences: An International Journal (PBIJ), Vol.1, No.2

ON ANALYTICAL APPROACH FOR ANALYSIS OF
DISSOLUTION OF A MEDICINAL PRODUCT
IN AN ORGANISM

Evgeny L. Pankratov

Mathematical and Natural Sciences Department, Nizhny Novgorod State University, 23
Gagarin avenue, Nizhny Novgorod, 603950, Russia

ABSTRACT

In this paper we introduce a model of dissolution of a medicinal product in a organism with account of
changing of conditions. The model gives a possibility to estimate spatio-temporal distribution of
concentration of a medicinal product during dissolution. We also consider an analytical approach to
analyze the above dissolution. We consider a possibility to accelerate and decelerate of the above
dissolution.
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1. INTRODUCTION

Currently quantity of new medicinal products are intensively increased [1-6]. At the same time
existing medicinal products are improving [1-6]. Usually influence of a medicinal products on
organism could be done experimentally. At the same time influence of a medicinal products on
organism could be theoretically estimated. Also one can find another actual problem is speed of
dissolution of a medicinal products in organism. In this paper we consider a model for estimation
of distribution of concentration of a medicinal product in space and time. Based on the model we
analyzed the above concentration with account possible changing of properties of organism.

2. METHOD OF SOLUTION

In this section we consider a model for estimation and analysis of dissolution of a medicinal
product in an organism. To estimate the above distribution of concentration of the above product
was estimated as a solution of the following second Fick's law [4,5]

aC(x,t) ac(xt)| s
0 aX[D(x,T) L }thD(x,T)C(x,t)N(x,t). W
Function C (x,t) describes distribution of concentration of the above product in space and time;
function D (x,T) describes the dependence of coefficient of diffusion of the considered product at
different conditions of transport in position with coordinate x and at temperature T; S is the
square of available for dissolution of solid surface; V is the volume of dissolution media; h is the
width of the diffusion layer; function N (x,t) describes distribution of concentration of other
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substances in organism in space and time. The considered other substances interacting with the
infused medical product. Initial and boundary conditions for concentration of the considered
medicinal product could be written in the following form

C(x.0)=fc (¥), % 0, C(L1)=0. )

Next let us to solve the Eqg. (1) with conditions (2) by method of averaging of function
corrections [6-8]. First of all we transform Eq. (1) to the following integral form
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C(x,t):C(x,t)+%{

%ii(x v) D(v,T)C(v,7)N(v,7)dvd 7 — iiD( T)C (v,f)dvdHT(L_v)x
(v,t)dv+(jx)(x—v)f(v)dv+£z(L—v)C(v,r)%dvdr Fx-v) C (,t)dv}.(3)

Now one shall substitute the not yet known average value of concentration of medical product
instead of the concentration C (x,t) in the right sides of the equation (3). After the operation we
obtain the following relation for the first-order approximation of concentration of the above
product

C,(xt)=¢, +%[i(x—v) f(v)d v+

il(x—v)D (v,T)N(v,7)dvd r+e, L ;XZ] 4)

The average value az was obtained by the classical formula [7-9]

1 eL
a1=L—®££C1(x,t)dxdt. (5)

Substitution of relation (4) into relation (5) gives a possibility to obtain relation to determine
average value o in the final form

a1=Vh®I(L2—xz)f(x)dx/{sﬁ( (L = %) D(x TN (x,) d xd t -

0

—2?(®—t)fx (L=x)D(x,T)N(x,t)d xdt}—gv h®L3}. (6)

The approximation of the function C (x,t) with the next order was obtained in the framework of
the classical algorithm of the method of averaging of function correction: one shall replace of the
function C (x,t) on the sum C (x,t) >a+C1 (x,t) [7-9]. The replacement leads to the following
relation for the required approximation

cz(x,t)zaz+c1(x,t)+%{iio(m)[az+c1(v,r)]dvdf_ii(x_v)[az+c1(v,r)]aD( 7)
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x D(v,T)dvdr }. @)
Not yet known average value a, was calculated by the following classical relation [7-9]
1 oL
a, =—®££[C2(x,t)—cl(x,t)]dxdt. (8)

Using the above relation gives a possibility to obtain the following relations for the considered
average value in the following final form
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The distribution of the considered concentration of medicinal product in space and time was
analyzed analytically by using the second-order approximation, which was obtained by using of
the method of averaging of function corrections. The approximation is usually enough good
approximation for to make qualitative analysis and to obtain some quantitative results. All
obtained results have been checked by comparison with results of numerical simulations.

3. DIscuUsSION

In this section we present an analysis of spatio-temporal distribution of concentration of
medicinal product in organism. Figs. 1 and 2 shows typical dependences of the considered
concentration on time and coordinate, respectively. The obtained dependences qualitatively
coincides with analogous experimental distributions. Increasing of temperature of organism leads
to acceleration of interaction of the considered medicinal product with other substances of the
organism in the considered interval of temperature.
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Figure 1. Dependences of concentration of considered medical product on time in the typical form

1.00

0.75

0.50

C (x.b)

0.25

0.00 T T 7 T T T T T g 1
0.0 1.0 2.0 3.0 4.0 5.0
X

Figure 2. Dependences of concentration of considered medical product on coordinate in the typical form

4. CONCLUSIONS

In this paper we consider analysis of dissolution of a medicinal product in an organisms. The
analysis based on estimation of spatio-temporal distribution of concentration of the above product
during the dissolution. We introduce an analytical approach for analysis of the above dissolution
with account changing of it's conditions. We consider possibility to accelerate and decelerate of
dissolution of medicinal products in organisms.
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