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i Numerical solutions are calculated using MATLAB for the prob- 1
I ntrOdUCtl on lem: drug delivery from the reservoir into the tissue. tAt 0, [

In this poster we consider two problems that model drug re-
lease systems. The first model consists of a system of reaction
diffusion equations that model the evolution of free drugjrub
drug and binding sites in a biological tissue (an artery y¥af
example). In particular, we investigate the issue of drugrele
ance time from a tissue as a function of the binding parameter.

the concentration of drug 5= L, In reservoir and. = 0 in the = {
tissue. The concentration of free drigr,t) and the total Im-  s° &%

purity Cr(x,t) are calculated by varying binding paramet&r
The drug clearance time from a tissue is found as a function of |
the binding parameter. o |
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The second problem models drug release from a thermorespon-
sive polymer. One well known thermoresponsive polymer is
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ploited to act as an on/off switch to control drug delivery by

varying temperature. Preliminary results indicate thateghs
good agreement between theoretical and experimental gofile
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Poly(N-isopropylacrylamide) (PNIPAAm). This polymeris-hy |
drophilic below the lower critical solution temperature (LS~ _ »
32'C, but hydrophobic above2’C, a property that can be ex- &*
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\f\ tzzz.sszf 12| \\ | * Figure 5: Volume fraction of water withD;, = 102 exp(¢), ¢, = 0.8 and

il | ¢. = 0.2 at various time. Attime = 1, ¢, and¢. switch values across the
Tissue Tissue | .l - Tissue * LCST in such a way that the erosion and swelling fronts chafgeetion,

Tissue
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| | accounting for the switch from swelling to collapsing beloav.
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fen‘i‘,ggfgj;re B i Figure 3:Numerical solutions of the total impurity;(z, t) at various time Co_lleagues at the National C_entre for _Blomedlc_:al Engineerigy
or pH o T with 5 = 0.5. For K, = 0, 95% of drug has cleared the tissue at time 22.582 Science (NCBES_) have provided US_W|th experimental data gor
= (left); and for K, = 100, it is very slow to cleat5% of drug,t = 729.676 (right). drug release profiles, and the behaviour observed has beengu
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hydrated polymerféhains collapse of polymer

Figure 1:Above32°C, the polymer expels water and collapses.
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Figure 2: A ligand molecule can join a binding site and can subseqyentl
leave this site.

Modelling Issues. Aligand moleculd. binding reversibly Erosion front Swelling front o e
with a binding siteB to form a ligand-binding site compleX
can be represented by the chemical reaction Figure 4: The polymer absorbs fluid and swells; moisture content in the 2. £
" polymer can affect the drug mobility significantly. Note th&least two mov- %50.5 %
L+ B \jf C. Ing boundaries need to be located: an erosion front and aiisgv&lont. S o4 p—o—— 9 €
kr . . |
Modelling Issues. Denote bye the volume fraction of //M 0 S

Denoting byL the concentration df, B the concentration d3,

cessfully described using our modelling. The polymer used vias
PNIPAAmM and drug released was Vinblastine; this drug is uggd
In the treatment of restenosis. We see In the curves below @at

M Odel I | ng pOI mer S\NEI I | ng the agreement between experimental and theoretical prcfilefg |
and C()I apS| ng excellent. In Figure 6, the curve on the left correspondsgh h

temperaturd” > T;-sr and diffusion is extremely slow; using

Water Swollen Dry Polymer the method of least squares for the analytical solution

M(t) - 8 (2n — 1)’7°Dt
M(oo)_l_z@n—l)?w?em(_ 1H? )
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we found thatD = O(10~*cm?/s) where D is the diffusiv-

ity. The curve on the right corresponds to low temperatuse
T < Trest and using least squares method we found that
O(10~%cm?/s), which is six order of magnitudes faster than di
fusion forT > Trcgr.
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andC the concentration of, the approriate governing system water@_o. dry po_lymer,qﬁ_ L: pure water) apd oy the con . T4 s 4o s 1 1 2 s a5 e 1
- o - L centration of drug in the polymer. The location of the erosion rime (days) rime (mne)
of reaction diffusion equations is given by . . _
front and swelling front at timeare denoted by, (t) ands.(t), Figure 6: The percentage of total drug release 3atC with D =

oL  O°L respectively. Both the water diffusivity),(¢), and the drug 5.58x107em? /s (left), and atl’C with D = 4.71x10~%em? /s (right).

ot i o kB L+, diffusivity, D,(¢), depend on water contentvia a Fujita-type

B exponential dependence [5]:

88—t — —kaL—FkTC, P P [ ] k

o Dy($) = Dy exp(ag), Do(¢) = Dsexp(B0), Futurewor

~— = k;BL —k,C, . - i sion i

ot ! with Dy, D,, o, 3 are constants. | have recently developed a model to describe diffusion irnga

whereD is diffusion coefficent of ligand, IS association con-

thermoresponsive polymer. This is a binary model where @e

stant between ligand and binding sites ands dissociation ~ The volume fraction of watep Is determined by solving the . -:0ia) narameters, and ¢, switch values across the LCS

constant. following moving boundary problem in such a way that the erosion and swelling fronts change Jji-
Analysis and results. we denote by, B, and L, a rep- 9o O o6\ | rection, accounting for the switch from swelling to collags
resentative diffusion time, total concentration of bindsites 9t or (Dl(@a_) N su(t) < < seft), t >0, behaviour.
J X X
and initial ligand concentration, respectively, and idtroe the 5 ds.. The next stage In this analysis Is to calculate numerical sog-
following dimensionless quantities: b = Gu, D1% = (1 — gbw)E ON x = s,(t), t >0, tions for parameter values corresponding to real systemsol ¢
. . L B _ 56 g Intend to calculate nume_rlcal solutions for higher qllmenaio
f=— 7= L=— B=—0C=—, ¢=¢.,, Di— = (—p.)—  ON z=s5.(t),t >0, problems; this may require the use of more sophisticated Ru-
I VDT Lo By By o di merical techniques such as the level set method.
to obtain the following dimensionless equations (upon dnagpp su(0) = 5¢(0) =0,
the overbars for convenience): where¢,, Is maximum water fraction that the polymer can ab- pafer ences
) o . .
Q(L L0 = a_L, sorb, andy.. is critical water fractlo_n above which the polymer
ot O undergoes polymer chain relaxation. [1] D. A. Lauffenburger, J. J. LindermaiRReceptors. Models
nc = MBL, The conditions ingib on two boundaries were determined using ~ for Binding, Treffucking, and Sgnaling, Oxford University
. ffrc - _1’ _ _ | conservation of pglymer mass and conservation of fluid mass. Press, Oxford, UK (199_3)'
wheren = 7, Kp = 7 Is the equilibrium dissociation constant e yse these conditions to compute values,cdnds. at time  [2] J. Crank, Free and Moving Boundary Problems, Oxford
and K, = 12 is binding constant. t > 0. University Press, Oxford, UK (1984).

Assuming the binding reaction equilibriates quickly, we dav

As ¢(z,t), s,(t) ands.(t) were calculated, the problem for the [3] W. M. Saltzman,Drug Delivery: Engineering Principles

shown that the reaction diffusion system above can be reglac drug concentration(x, ) Is given by E%(')Dlr)ug Therapy, Oxford University Press, Oxford, UK
by the following scalar diffusion model for a concentratoe oc 0 oc\ . L | o
oendent diffusivity 57 = a5 \ D20z | N su(t) <z <seft), ¢ >0, [4] A. Borghi, E. Foa, R. Balossino, F. Migliavacca and C

oCr 0 OC
o or (DW%) ,

whereCr = L + nC' Is the total impurity concentration and the  \yherec, is the initial drug loaded in the dry polymer.

concentration dependent diffusivity(Cr), Is given by
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