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Abstract

A mathematical model to simulate drug delivery from a viscoelastic erodible matrix is presented
in this paper. The drug is initially distributed in the matrix which is in contact with water. The
entrance of water in the material changes the molecular weight and bulk erosion can be developed
depending on how fast is this entrance and how fast degradation occurs. The viscoelastic properties
of the matrix also change in the presence of water as the molecular weight changes. The model is
represented by a system of quasi linear partial differential equations that take into account different
phenomena: the uptake of water, the decreasing of the molecular weight, the viscolestic behaviour, the
dissolution of the solid drug and the delivery of the dissolved drug. Numerical simulations illustrating
the behaviour of the model are included.
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1 Mathematical model

We consider a biodegradable viscoelastic polymeric matrix, Q C R2, with boundary 9§ and containing
a limited amount of drug. The matrix enters in contact with water and as the water diffuses into the
matrix, a hydratation process, that modifies the viscoelastic properties of the polymer, takes place. The
molecular weight decreases and the drug starts to dissolve.

In [15] a system that describes the sorption of water, by a loaded erodible matrix and the release of
drug was proposed. However the viscoelastic properties of the matrix were not considered. In this paper
we present a general model, which generalizes the model in [15], by considering the viscoelastic behaviour
of the polymer (see for instance [1],[2], [7],[11], [16], [18]).

We consider a system of partial differential equations (PDE’s) that describe the whole process: the
entrance of water into the polymer and its consumption in the hydrolysis process; the decreasing of the
molecular weight; the evolution of the stress and strain; the dissolution and the diffusion of the dissolved
drug. The system reads

a?ﬁw =V -DwVCw)+ V- (D,Vo)—kCwM in Qx(0,7T],

%—t = —kCwM in Qx (0,7,

do  E(M) dCw .

s = (M) = Q T 1
8t + /,L(M)J ( ) 6t m X (Oﬂ ]7 ( )
aa—gs = —kiisCsn.CanCwn in Qx (O,T],

o

a—tA =V - (D(M)VCA) + kaisCsnCanCin in Q x (0,7
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In (1) Cw, Cs and Cy4 represent the concentration of water, solid drug and dissolved drug in the polymeric
matrix, respectively, M is the molecular weight of the polymer and o is the stress response to the strain
exerted by the water molecules.

The first diffusion-reaction equation of (1) describes the diffusion of water into the matrix and its
consumption in the hydrolysis. In this equation Dy represents the diffusion tensor of water in the
polymeric matrix. We consider an isotropic medium where the diffusion tensors are diagonal with equal
diagonal elements. For example, Dyw = Dw I, where I is the 2 x 2 identity matrix. The viscoelastic
opposition to the water entrance is represented by V - (D, Vo) where D, is a viscoelastic diffusion tensor.
This term states that the polymer acts as a barrier to the diffusion of water into the polymeric matrix.
The term —kCw M represents the consumption of water in the hydrolysis of the polymer. The molecular
weight loss is represented by —kCw M ([3],[5],]6],[8])-

Since the water diffuses into the polymeric matrix the molecules of water react with the polymer and
the bounds between the polymeric chains are broken leading to a decrease in the molecular weight of the
matrix. This process is described by the second equation of (1) ([15]).

We assume that the viscoelastic behaviour of the polymer can be modelled by Maxwell fluid model
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where F represents the Young modulus of the material, p is its viscosity and e is the strain produced by
the water molecules. We assume that the strain and the concentration of water are proportional, that
is, there exists k1 > 0 such that ¢ = k1 Cy,, where ki stands for a dimensional constant. This relation is
a linear approximation of € = f(C') established in [8] . As the polymer acts as a barrier to the entrance
of the water, then ¢ and € are of opposite sign, and a minus sign should be considered in the right hand
side of (2).

Based on the results presented for instance in [1], [2], [7], [11], [16] and [18], we assume that the
Young modulus and the viscosity depend on the molecular weight. In fact the Young modulus varies
significantly in a biodegradable polymeric matrix due to the heterogeneous nature of the hydrolysis
reaction that leads to the cleavages of the polymeric chains. As the degradation processes evolves, the
Young modulus decreases ([13]). Moreover a functional relation between the viscosity and the molecular
weight represented by Mark-Houwink equation ([14]) is applied. The expressions used to represent the
behaviours of E(M) and (M) are E(M) = EgM® and u(M) = pugM? where Ey, 19, « and 3 are constant
([14],[13],3)).

The evolution in time of the solid drug is described by the fourth equation of (1) where kg5 is the
dissolution rate, Cs;, is the normalized concentration of solid drug in the polymeric matrix, Cjy,, is the
difference between the dissolved drug concentration and its maximum solubility (Cams ), normalized by

Camaz, Cwn is the normalized concentration of water (

). In this last expression Cy oyt is the
Wout
concentration of water outside of the polymeric matrix. The evolution of the concentration of dissolved

drug in the matrix is defined by the last equation of (1) where Fick’s law and the dissolution source were
taken into account.

As the degradation occurs the molecular weight decreases and the permeability of the polymer in-
creases. This leads to an increase of the diffusion coefficient ([17]) that can be represented by

7 Mg—M

D(M) = Dae" o

where D 4 is the diffusion coeflicient of the drug in the non hydrolyzed polymer, My is its initial molecular
weight and k is a positive constant.
System (1) is completed with the initial conditions

Cw(0)=0 in §,
a(0) = o9 in Q,
M@O)=M, in Q, (3)
Cs(0)=Csp in ,
Ca(0)=0 in §,



where o represents the initial stress of the polymer and Cyg is the initial concentration of solid drug in
the polymeric matrix.

Degradation of the polymeric matrix can be one of the two types: surface and bulk. Surface degra-
dation occurs because degradation is faster than the entrance of water in the system. In this case the
cleavage of polymeric chains occurs mainly in the outermost polymeric layers. Bulk degradation oc-
curs when the degradation is slower than the water uptake. The entire system is rapidly hydrated and
polymeric chains are cleaved through all the polymeric structure ([17]).

In what follows we assume that bulk degradation occurs and that the physical domain is maintained
during all diffusion process. The entrance of water occurs due to the difference of concentrations in the
polymer and in the medium. Then the system (1) and the initial conditions are coupled with the following
boundary condition

J-n= AC(CW — CWout) on 0N x (O,T], (@)
Ca=0 on 00 x (0,71,

where J represents the flux defined by J = —Dy VCw — D, Vo, n is the unit outward normal to 02, A,
is the permeability constant and Cyy ¢ denotes the water concentration out of the polymeric matrix.

The aim of this paper is to present a numerical method to solve (1), (3) and (4) and to study the
qualitative behaviour of the numerical solution. In Section 2 a stability analysis of the mathematical
model is studied. Implicit-Explicit method (IMEX) is introduced and its convergence is numerically
studied in Secton 3. In Section 4 the qualitative behavior of the solution is analysed. Finally in Section
5 we present some conclusions.

2 Stability analysis

In order to simplify the presentation, we assume in this section that E and p are constant. We also
assume that the diffusion tensor is only space dependent.

To gain some insight on the stability behaviour of the initial value problem (1),(3) and (4) we study in
what follows the stability of a linearization of (1) for short and long times. For short times we linearize the
system in the neighborhood of the initial state; for large times the system is linearized in the neighborhood
of the steady state solution. Let Cy, M, C4 and Cs be a solution of (1). The linearized system at this
solution can be written in the following form

% =V - (DwVCw)+V - (D,Vo) — kCywM — kMChy,
Za—t = —kCwM — EMCyy,
o E OCw
g—ét*F ;0’ =—-F é)t s
8—153 = _K<(0Amx — C4)CwCs — CwCsCa (5)
+C5(Camaz — éA)CW);
0C 4 S
A=V (DVC) + K((cAm — C1)CwCs
—CwCsCa + Cs(Camz — éA)CW>7
here K —kdis is a constant
W pr— .
CSOCAmeWout

For small times the concentration of water and dissolved drug is very small so we consider
Cw =0, Ca=0, Cs = Cso, M = M. (6)
For large times, that is when the matrix is practically degraded and the drug released, we assume
M =0,Cw = Cwout,Cs = 0,Ca = 0. (7)

Solution (6) defines the state of the system as ¢ — 0. So for small times, the stability of system (1) is
obtained studying the stability of (5) and (4) when (6) is considered. When ¢ — 400, the solution of



system (1) approaches the steady solution (7). In fact, phenomenologically, the molecular weight decreases
and vanishes, the concentration of water goes to the equilibrium, that is Cyyoyt, the concentrations of
solid and dissolved drug inside of the polymeric matrix vanish.

Stability for short times: To study the stability of (4) and (5), we consider the difference of two
solutions, which we represent by the same notations Cy, o, M, Cg, C4. In this case we have

ag—tW =V (DwVCw)+V - (D,Vo)
—k‘MQCW in Qx (O,T]7
—zaj\t/[ = —kMyCw in Q x (0,77,
c E dCw . (8)
4 25 =_gp2=¥ Q T
ggj—i—ua ; o in Qx(0,7T],
=5 s oy, in Q x (0,7,
ot CWout
0Ca Kdis .
—— =V -(DVCs)+ —Cw in Qx(0,7T],
8t C’Wout

where T > 0 is fixed, with the boundary conditions

{J.n = A.Cw on 99 x (0,T), (9)

Ca=0 on 90 x (0,T].

In what follows we use the energy method to analyze (8) and (9) complemented with the initial
condition

Cw(0)=Cwo in 9,

o(0) = in Q,
M(0) = MO in €, (10)
Cs(0) = Cso in €,
CA(O) =Cao in €.

From the third equation of (8) we easily get

E2 t
o= —/ efg(tfs)CW(s)ds - ECW—l—ECW(O)e*%t
0
+ o(0)e kt, t>0, (11)

and using this equality in the first equation of (8) we obtain for Cy the following equation

t
Cw _g. (D, VCw) +/ e w9V (DVCOW (s))ds — kMoCw
ot 0 (12)
+Ee  #'V.(D,VCw (0)) + e #'V.(D,Va(0)),
where
E2
Dy = Dy — ED,, Dy=—D,. (13)
o)

We assume that, in (13), Dw, D, and D are 2 x 2 diagonal matrices and E and p are such that the
entries of Dy and D5 are positive and satisfy the following conditions:

Dl,jj > Dmin, D27jj,D7j7jj < Dmnaz, Djj > Dy, for j=1,2. (14)

: oCw oM OC
Let V = H'(Q) x (L3(Q)) x H}() and let (Ci, M, Cs,Ca) € V be such that S S S
_3;,4 € L*(Q) and that (10) holds. Then multiplying scalarly the equations in (8) by test functions,
where the first and the third equations are replaced by (12), we have



t
(82:/—,1)1) = *(D1VCW,V’U1) 7/ e_g(t—s)(D VCW(S),V'Ul)dS
0

~(AcCw v1)o — kMo(Cy,v) + e #'E(V - (D,VCiw (0)), v1)
+e ft(v.(DUVa( 0)),v1), Yo, € HY(Q),

—,'UQ) = —]@’(]\406‘[/{/’,'[}2)7 V'UQ S LQ(Q)) (]‘5)

k 5
) = g (Cws), Vos € L(Q),

—(DVCA, V’U4)

k 5
+—d (Cw,’l)4), Yy € Hé(Q)
C’Wout

2
In (15) the same notation is used to represent the usual inner products in L?(£2) and (L2 (Q)) .

We establish in what follows an estimate for the energy functional

t 2 2
E(t):EcM(t)+/ (HVCW(S)H +|[veaes)| )ds, t € [0,7], (16)
0
with
2 2 2 2
Eou(®) = [ow )| + |m@)| +]||cs@| + |caw| (17)
where the same notation ||.|] was used to represent the norm induced by the usual inner products in
2
L2(Q) and (L?(Q)) .
Theorem 1 Let (Cyw,M,Cs,C4) € V be a solution of the variational problem (15). Then
1 2
Et) < B2 - (D,vCw )
min {1, 2(Dpin — €2), 2D0} (4E62 (
2 -
+[ v (Do) ) + Eou (@)™ (18)
where €1 # 0 satisfies
Diin — € > 0, (19)
and
D% .1 2
max | =gl 22 (K2 M2 + 2 + 4e2 — 2k My, 51 3
= { 4e E ( Wout) 23 } (20)

min {1, 2(Duin — €2), 2D0}
being €2, €3 # 0 arbitrary constants.

Proof: Taking in (15) v;1 = Cw,va = M,vs = Cs and vy = Cy4, we easily obtain from the first
equation

th ’C’WH —(D1VCw,VCw)
t
7/ e_ﬂ(t_s)(DQVCW(S),VCW)dS
0
2 E
_A, e HB(V - (D,VOw(0), Cw) (21)

)

e FUY (DY (0)), Cow) — kMo O ’




where ||.||oq denotes the usual norm in L?(9€2). The remaining three equations of (15) lead to

1d

st M| = Moo, 2y
kdzs
53105 = g (cw.0s).
and
kais
]cAH (DVCA, VC4) + =45 (O Ca).

th Wout

For any non zero constants €1, €5 and €3 we have the following inequalities

- [ E Do Vo < &
0
o Rt [ vewo]os

+e W E(V - (D,VCw(0)),Cw) + ¢ (V- (D, Va(0)), Cwy)

< 4—136_2%t<E2HV . (DUVCW(O))HQ + Hv : (DyVJ(O))HQ) +2¢2 C’WHQ,

EMy(Cur, M) < R2MES O |+ 17

O (Cw, ) < o ’CSH

B (O ) < L HCAH
Summing up the preceeding three equations we obtain

%ECM 4 2(Dyin — €2) HVCWH2+2DOHVCAH2

< m‘”“/ HVCW H ds

(3o o) cad o

+ g (M flos] +HCAH)

o et (e o] < ool

where Ecyy is defined in (17). If we fix €; satisfying (19) then

1 H
£t) ga/ £(s)ds +
0 min {1, 2(Dpin — €2), 2D0} (4E€§

(2]v- (D@VCW(O))H2 +|v- (vag(o))HQ) + Ecu(0)).



where ¢ is defined by (20). Finally by using Gronwall’s Lemma we obtain (18).
]
The energy estimate (18) leads to the uniqueness of solution of the variational problem (15) and (10).
It enables also to conclude the stability of such solution in bounded time intervals. These results hold
provided that the initial data are smooth enough.
Stability for large times: To analyze the stability of the initial boundary value problem (1),(3) and (4)
for large times we consider system (5), that arise from the linearization of system (1) in the neighborhood
of the steady solution defined by (7). That is, we study the stability of the initial boundary value problem

0Cw

—— =V - (DwVCw)+ V- (D,Vo) = kCwourM in Qx (0,7],
Za;it}j = —kCwourM in Q x (0,77,
g—z: %a;is—Eag—tW ?n Q% (0,7, (22)
aa_gA = _C—SOCS . Tn Q % (0,7,
WZV-(DVCA)—%CSOCS in Qx(0,7],
where T' > 0 is fixed, with initial conditions
Cw(0)=Cwo in Q,
0(0) = 0o in Q,
M(0) = M in (23)

0) = Cseo in
0)=Ca In

D000

and boundary conditions (9).
From the third equation of (22) we easily get an expression for the stress o analogous to (11). Replacing
then that expression in the first equation of (22) we obtain

t
ag—tW =V (DVCy) +/ e w3V (DVCW (s))ds
1y
—kCwoutM + Ee” u'V.(D,VCw(0))
e W'V.(D, Ve (0)) in Q x (0,7,
%—f — kCwomM in Qx(0,7), (24)
OCs _ Ko o in Qx (0,7,
o, O k
A V. (DVCL) + 2H5 0y in Q x (0,7,
ot Cso

where Dy and Do are given by (13). The original initial boundary value problem (22), (9) and (23) is
then replaced by (24), completed with (23) and (9).

In what follows we consider the weak formulation of (24), (23) and (9) defined by the variational
problem:



aCW 8_M 305 acA
ot 7 ot ot ot

Find (Cy, M,Cs,Ca) € V such that € L*(Q), and (23) holds and

aoC -y

(8—;{/7“1) = _(DIVCVWVW)_/O ™ w7 (D VCiy (5), Vor )ds
*(Accwa U1)a§2 - kCWout (M; ’1)1)
+Ee wY(V - (D,VCw(0)),v1)

+e KV - (DyVo(0),v1), Yor € HY(S),

OM
(a—é,m) = —kCwout(M,v3), Vus € L2(Q), (25)
dCg ks 2
(g,vg) - fcso(cs,vg), Yoz € L),
(a—;‘,m) = —(DVC., Vuy)
k 1S
+225 (Cg,v4), Vg€ HA ().

Cso

Following the proof of Theorem 1 it can be established an upper bound for £(t) analogous to the one
defined by (16).

Theorem 2 If (Cyw,M,Cs,Ca) € V is a solution of the variational problem (25), then
1
min {1, 2(Duin — €2), 2D0}

) < (ECM(O)

+ g (v (DCwO)|| +]|v- @uTo)]))e 1 >0

where € is fixed by (19),

S

min {1, 2(Dyin — €2), 2D0}

2
HDmas ECwout _ kais ( kais (2 _ 1 6e2

- max{ 45%E 5 2kCW0ut 465 1 720 o\ Cso €3 1 ’ 2557662

c =

)

and €9, €3 are arbitrary nonzero constant.

From Theorem 2 we conclude the uniqueness of the solution of (25) and (23) and its stability for
bounded time intervals, provided that the initial data are smooth enough.

As the model is nonlinear we carried out a stability analysis based on a local linearization in the
neighborhood of the steady state solutions for short and large times. The stability in both cases was
established under the positiveness of the diagonal entries of D; defined in (13). This is a central issue
meaning that the Fickian diffusion must dominate the non Fickian one. Due to the interpretation of
viscoelasticity that we propose - as representing a barrier to the penetration of water - such assumption
is physically sound.

3 Numerical method
In this section we introduce a Implicit-Explicit finite difference method to solve (1), (3), (4). Let Q be
the square (0,L) x (0, L), where L represents the thickness of the polymer. We fix A > 0 and we define
in €2 the grid
ﬁh = {(Izay])7l7] = 07" 'aNamanO = O7xNayN = La
T — Ti—1 = h7y] —Yj—-1= h7i7j = 175N}

By Qp and 02, we represent the mesh nodes of Q), that are in Q and on the boundary 0, respectively.
Let up and vy be grid functions defined in ;. To discretize the spatial derivatives we introduce the



second order finite difference operator
D% (a(vn)D—gup) (i, y5) =
1
7 (G(Ah,xvh(wiﬂ, Yi))D—zun(Tit1,y;) — alAnovn (i, y;)) D—zun(zi, yj)),

where D_, denotes the backward finite difference operator with respect to the z-variable and Ay, , is the
following average operator

1
Apzvn(xe,y5) = = (vh(ﬂ% y;) + vn(ze—1, yj))-

2

The finite difference operator D (b(vh)D_yuh)(aci,yj) is defined analogously considering the backward
finite difference operator with respect to the y-variable, D_,, and the average operator Ay ,. If B is a
diagonal matrix with entries a and b we use the following notation

Vz.(B(’Uh)thh) = D; (a(vh)D,zuh) + D;; (b(vh)D,yuh).

In [0,T] we consider the following time grid
{tn,n = 0,..., Mas,to = 0,ta1n, = T tn — tn_1 = Al,n = 1,...,MM}.

By D_; we denote the backward finite difference operator with respect to the variable ¢. Let p}(z;,y;)
stands for an approximation of p(x;, y;,tn).

To solve numerically the initial boundary value problem (1), (3), (4) we consider the IMEX method
defined by

SO = Vi (DR + Vi (DuVnolt) = kG My in @,
D- M"Jrl CYT/lVJrthh anh;
E M”‘|r1
D_ o n+1 + 0(77&1) — *E (MnJrl)aD C{}Vhl in Qh’
o(M TP ”
ka; B
Cotlm Nl on (C — O OB T,
- C50C amazCwout S,h( Amz — LA, h) Wh miip
D_.Cyh} = VZ.(D(M;;“)V cﬂl)
i n L
+ oottt O (Came — O3, ) Ot in S,
forn=0,...,Ma: — 1,
CSV,h =0 in Q}“
02 = J(O) itha
Cg ), = Cs(0) inQy,
CA h T 0 in Qh7
and
JnJrl (CVYT/IVJrh1 CWout) on 6(2}“
(28)
Cﬁﬁll =0 on 99y,
where

Jptt = —Dw D, Cy! — DyDyo},
and D, is the boundary operator
_D:C/Uh($05y])7 2207
D—a,‘vh(x]\ﬁy] ’ 1= N7
*Dyvh(zza yO) ] = 0;
yvh(xzayN)a ]:Na

D»,]’U}L(.ﬁi, yj) =

for (z;,y;) € 0Qy,.



Table 1. Parameter values used in the numerical simulation

Parameter (unit) Value Parameter (unit) Value

D4 (mm?/s) 5.94 x 1072 Ey (Pa) 1073

D, (mol/(mm.s.Pa)) 2x 1072 wo (Pa.s) 107!

Dw (mm?/s) 4.61 x 1072 kais (mol/(mm3.s)) 4.6 x 1072
k(1/s) 1072 My (Da) 8.3 x 1072
k (mm?/(s.mol)) 1072 ki (mm?/mol) 1

oo (Pa) 5% 1072 Cwout (mol/mm?) 555 x 1071
Cama (mol /mm3) 2.184 x 1072 A. (mm/s) 1072

Csg (mol/mm3) 288.42 x 1072« 2x 1071
8 7x107! L (mm) 1

At 1074 h 1072

Table 2: Errors and convergence orders for the concentration of water and dissolved drug
h Error(Cw) pw

Error(Cy) Pa

0.01 3.23x107® 1.38 529x1071° 1.08
0.005 1.24x107® 1.35 2.50x 1071 1.30
0.004 9.17x107% 2.01 1.87x10"19 1.61
0.002 2.28 x 10~ 6.13 x 1011

4 Qualitative behaviour of the model

In this section we illustrate the influence of the parameters on the behaviour of the model. The values of
the parameters are presented in Table 1 and some of them were obtained from [15].

We start by analyzing numerically the convergence properties of the numerical scheme.
contains the errors for Cyy and Cy4 at time T' = 0.001 defined by,

Table 2

1/2

Y alP)CH(P) = Ch(P)* |

PeQy,

Error(C) = ||Ck — Chllzn) =

where g1 (P) = h? on Qp, ¢1(P) = %2 on 90y, —Cp and ¢1 (P) = T on Cp, with Cp, = {(z;,y;) : 4,j =0, N},
using a reference solution UZ obtained with a fine grid defined by At = 10~ and h = 0.001. In the same
table we also present estimations for the convergence orders, using the following formula

Errory, (C)
In ( Errorh, (C) )

h Y
In (ﬁ)
where hy and hs represent two consecutive step sizes. The results suggest the convergence of the IMEX

method (26)-(28) with second convergence rate in space.
Let the mass of water and drug, inside the matrix, be defined by

p:

Mt) = /Q Ci(t)dady,

where ¢ = W, A, for ¢t € [0,T]. A numerical approximation for M;(t) is computed with the trapezoidal
rule.

In Figure 1 we plot the dependence on the viscoelastic diffusion coefficient D, of the mass of water
inside the polymeric matrix. In this figure as well as in the following the time is measured in seconds. We
observe that the polymer acts as a barrier to the entrance of water. In other words, the non Fickian flux

10
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Figure 1: Influence of D, on the mass of the water inside the polymeric matrix.

—D,Vo decreases the Fickian flux, — Dy VCy . According to this description an increase in D, leads to
a increase of My .

The influence of the Young modulus E on My is presented in Figure 2 (left), near t = 2. It is well
known that the crosslink density of the polymer is proportional to the Young modulus E. Consequently
as this constant increases the resistance of the polymer to the entrance of water also increases leading to
a decreasing of the mass of water.
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Figure 2: Mass of water for different E’s (left); concentration of dissolved drug C4 for different & (right).

The influence of the polymer degradation rate, k, is presented in Figure 2 (right). As expected, if the
degradation rate increases, then the delivery rate of the dissolved drug also increases.

The behaviour of the mass of dissolved drug is presented in Figure 3, for different thickness of the
polymer. We observe that the maximum value of the mass of dissolved drug in thinner polymers is
lower and less time is required to achieve this maximum. The amount of dissolved drug results from a
balance between the dissolution process and the release of drug. The instant when the maximum occurs,
represents the time when the delivery process dominates the dissolution process.
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Figure 3: Mass of dissolved drug inside the polymer with L = 0.1 (left) and L = 0.5 (right).

In Figure 4 the mass of water inside the polymer, for different values of L, is plotted. In the thicker

11



polymer more time is required for the mass to reach the steady state. We also observe that the value of
the steady state in the polymer with L = 0.1 is 0.0555 while in the polymer with L = 0.5 is 0.2769.
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Figure 4: Mass of water inside the polymer with L = 0.1 (left) and L = 0.5 (right).
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Figure 5: Concentration of water for different times.

Figure 5 illustrates the behavior of the concentration of water into the polymeric matrix at different
times. We observe that the concentration increases as time increases and the behavior is homogeneous
since the diffusion coeflicient is constant.

The concentration of solid drug and dissolved drug, respectively, at different times are shown in
Figures 6 and 7. Te regions where the concentration of water is higher, correspond to regions where the
concentration of solid drug is lower. We also note that when the concentration of solid drug decreases,
the concentration of dissolved drug increases.

5 Conclusions

In this paper we describe a process of sorption of a solvent by a biodegradable polymeric matrix, when
bulk erosion occurs, and the simultaneous release of a drug. The stability analysis of the mathematical
model was studied. Numerical results that highlight the whole process are presented. These results are
physically sound. The influence of the crosslinking density of the polymer is shown to delay the drug
release. In fact a larger Young modulus exerts a larger opposition to the solvent penetration. Bulk

12



t=0.1s t=2.55

2.8842 2881
2.8842 288
2.8842 2879
2.8842 2878
2.8841 -
2.8841

2876
2.8841

2875
2.8841

2874
2.8841

2873
2.8841
285 276

274
2845

272
284

27
2835

2.68
283 266
2825 264
282 262

26
2815

258

Figure 6: Concentration of solid drug for different times.

Figure 7: Concentration of dissolved drug for different times.
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erosion which is governed by the degradation rate speeds up the release of drug. The dependence on the
dimensions of the matrix is also illustrated.
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