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Abstract

Analysis is presented for Case Il drug transport with axial and radial release from cylinders. The previously reported [J.
Control Release 5 (1987) 37] relationships for radial release from films and slabs are special cases of the general solution derived
in this study. The widely used exponential relati&y/ M., = kt" describes nicely the first 60% of the fractional release curve
when Case Il drug transport with axial and radial release from cylinders is operating.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction The semiempiricaEq. (1)is widely used to describe

the release of solute when the prevailing mechanism is
Controlled release polymeric systems have been a combination of drug’s diffusion and Case Il transport

used extensively to deliver drugs and other bioac- (Ritger and Peppas, 1987

tive agents. The extent and the rate with which drug

molecules appear in the medium bathing the con- M: — K" )

trolled release device are usually considered as a M«

combination of diffusion and Case Il transport of drug

molecules through the polymer chainRitger and ~ where M, is the drug released at time My the

Peppas, 1997 In such cases, diffusion is governed quantity of drug released at infinite timg,the ki-

by Fick’s law while Case Il transporEfiscore et al.,  netic constant anah is an exponent. The value of

1977 reflects the influence of polymer relaxation n is related to the geometrical shape of the formu-

on molecules’ movement in the matrix. A plethora lation and determines the release mechanism; thus,

of studies dealing with Case Il drug transport have n is equal to 0.5/0.45/0.43 and 1.0/0.89/0.85 (thin

been reported in the literatur€glombo et al., 1995,  films/cylinders/spheres), when pure diffusion or pure

1999; Conte et al., 1994; Ferrefo et al., 2000; Juarez Case Il transport is operating, respectivefyy. (1)

et al., 2001; Peppas and Sahlin, 1989; Siepmann andavoids exact analysis of the data, describes all three

Peppas, 2001; Skoug et al., 1991 cases of geometries and applies to the first 60% of
the fractional release curves. In realiBg. (1)is an

"+ Corresponding author. Tek+30-210-7274026; approximate expression of the exact solution of Case

fax: +30-210-7274027. Il drug transport from cylinder and sphere, when

E-mail address: macheras@pharm.uoa.gr (P. Macheras). one-dimensional radial release is considered.

0378-5173/03/$ — see front matter © 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0378-5173(03)00030-9



184

Although the cylinder is the most common geomet-

K. Kosmidis et al./International Journal of Pharmaceutics 254 (2003) 183-188

and is also implied irRitger and Peppas (1987)r

rical shape of the devices used in pharmaceutics, only the release of drug from a thin film of thickneg2

the analysis of one-dimensional radial release from

cylinder according to Case Il transport has been re-

ported Enscore et al., 1977; Ritger and Peppas, 1987
Hence, the use of semiempiricaty. (1)is restricted

(seeAppendix A). Notice that if the big cylinder of
Fig. 1is cut in half across the horizontal line, two
equal cylinders, each of height will be formed. If
drug release from the two newly formed areas (top or

to slabs whereas only radial release can be consideredbottom) of the two small cylinders is not considered,

In this study, we analyze Case Il drug transport with
axial and radial release from cylinder. We find that the

the two cylinders of height exhibit the same release
behavior as the big cylinder, i.84,1) = 2M;;, and

one-dimensional radial release is a special case of theM2r) = 2Mo(1,); COnsequently,

general solution involving both axial and radial mass
transport. We also study the applicabilityed. (1)to

the analysis of transport when both axial and radial re-
lease from a cylinder are taking place simultaneously.

2. Analysis of drug release

The analysis of Case Il drug transport with axial
and radial release from the cylinder depictedrig. 1

M)
Mosor)

Mior)y
Mxo2r)

We will use this fact and we should note that our
results will describe both the following cases: either a
cylinder of heightL that releases from the round and
top surface or a cylinder of heightLZhat releases
from all sidesFig. 1L

At zero time, the height and radius of the cylinder
is L and radius, respectivelyFig. 1 After timet the

is based on two assumptions: (i) a boundary is formed height of the cylinder decreasesltand its radius to

between glassy and rubbery phase of the polymer,

and (ii) the movement of this boundary takes place

r assuming Case Il drug transport for both axial and
radial releasekrig. 1. For the decrease rate of radius

under constant velocity. In order to study the release and height of the cylinder we can write:

from a cylinder we firstly determine the release sur-
face. A cylinder of height P that is allowed to release
from all sides can be treated as a cylinder of height

dr_
dr

al

i

ko

~Co ()

L that can release from the round side and the top Whereko is the Case Il relaxation constant a6 is

only, Fig. 1 This second case is easier to analyze

2L

Fig. 1. Case Il drug transport with axial and radial release from
a cylinder of height R and radiusa at r = 0. Drug release takes
place from all sides of the big cylinder. The drug mass is contained
in the grey region. After timéthe height of the cylinder is reduced
to 2 and its radius ta (small cylinder).

the drug concentration considered uniforEngcore
et al., 1977. The assumption for thky/Cy value of
the penetration layer speed is implied by the analysis
of the cases studied Bnscore et al. (197 4ndRitger
and Peppas (198,Avhich are simpler than our present
case. Boundary conditions for the above equations are
simply r(0) = a and{(0) = L.

After integration ofEq. (2) we deriveEgs. (3) and
(4) as well as the time for which each one is operating,

k C

r—a——ot, tf—oa 3
Co ko
k C

l=L——0t, tg—OL 4)
Co ko

This means that the smaller dimension of the cylinder

(a or L) determines the duration of the phenomenon.
The amount of drug released at any titmés given

by the following mass balance equation:

M, = Con(a®L — r?l) (5)
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Substitutingegs. (3) and (4)n Eqg. (5) we obtain the Il transportEq. (8)was compared with the approach
following expression for madd, as a function of time: proposed byRitger and Peppas (1987n this case,
2 pure Case Il drug transport and release is approxi-
M, = Cor |:aZL _ (a _ ?z) (L _ @,)} (6) mated by the following equation:
0 M~ s (11)
For the mass released at infinite time, we can write: M,

Moo = Coma®L (7) We calculated the sum of the squared differences
of the two functions normalized by the time of the
operation of the two functiongx?), as a measure of
the difference between the two expressidags. (8)
M, 2ko k, and (11) SinceEq. (11)is used to describe the first
f= M = (f + C L) 60% of the release data, the cutoff time point was set
o° 0 0 att = 0.6(Co/ko)a. This time limit corresponds to
k3 23\ , kS 4 8 the Case Il whem <« L and is based on the duration
T _az_cg - aC2L azcht (8) of the 60% of the release proce&s). (3) Therefore,

(x%) can be expressed by the following equation:
Eq. (8)describes the entire fractional release curve

From Egs. (6) and (7)we derive for the fraction
releasedf = 47 as a function of time:

for Case Il drug transport with axial and radial re-  , 1 0.6(Co/ko)a 0.86.2

lease from a cylinder. Agairgq. (8)indicates that the x%) = W/ko)a/o (f — k5% dr
smaller dimension of the cylindea r L) determines (12)
the total duration of the phenomenon. Whers> L,

Eqg. (8)can be approximated Hyq. (9) The calculation of the polynomial integral in
M, ko Eq. (12)is trivial. However, there should be a value

9) of k which minimizes the integral oEq. (12) This
value ofk was found by equating the partial derivative

which is identical to the solution proposed Byjtger of the (x2) in respect tdk with O:

and Peppas (1987pr a thin film or slab with the

= t
Ms  CoL

2

difference of a factor of 2 due to the fact that our %) -0 (13)

cylinder height is 2 (seeAppendix A). Whena « L, ok

Eq. (8)can be approximated Hyq. (10) Eq. (13)was solved analytically; the calculated value

M, 2ko ko 712 of k was substituted ifEq. (12)to derive the value

YA C_oat - [C_oa } (10) of (x3) that characterizes the minimum deviation that
o

can be achieved between the two functioBgs. (8)
which is also the solution proposed IRBitger and and (11) It turns out that
Peppas (1987pr one-dimensional radial release un- a a2
der Case Il transport from a cylindrical swellable poly-  (x?) = 0.000459+ 0.0017— + 0.0019(—) (14)
mer of radiusa. L L
These results demonstrate that the previously de- Note that this resultis independent of the r&igky
rived Egs. (9) and (104re special cases of the general and, therefore, the value ¢f2) is exclusively depen-
solution,Eq. (8) dent on the rati@/L.
A plot of (x2) versus the rati@/L is presented in
Fig. 2 The value of(x?) increases nonlinearly with
3. Applicability of Eq. (1) for the analysis of (a/lL) and reaches a maximum valwe0.04 when
drug release data obeying Eq. (8) a/L = 1. This suggests that the approximation used
is quite acceptable. This means tiaj. (11)can be
The exact solution for the fraction of drug released used for the description of the first 60% of fractional
from a cylinder with axial and radial release and Case release curve when Case Il drug transport with axial



186 K. Kosmidis et al./International Journal of Pharmaceutics 254 (2003) 183-188

0.005

0.004

0.003

<X >

0.002

0.001

0.000 t } t } t } t } t

a/L

Fig. 2. Plot of the sum of the squared differences of the two functiBgs, (8) and (11)normalized by the time of the operation of the
two functions, (x?), as a function of the ratia/L (Eq. (14).
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Fig. 3. Fractional drug releas®),/M, vs. time for Case Il transport with axial and radial release from a cylinder. Comparison of the
solutions presented blgq. (8) (curve (a), withkg = 0.01, Co = 0.5, a =1 andL = 2.5) andEq. (11)(curve (b), withk = 0.052).
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Fig. 4. Fractional drug releas®),/M,, vs. time for Case Il transport from a cylinder. Comparison of the solutions presented.k()
(curve (a), withkg = 0.1, Co = 0.5, a = 10 andL = 2.5) andEq. (11)(curve (b), withk = 0.12).

and radial release from cylinders is examined. A typi- Appendix A
cal example of comparison betweEns. (8) and (11)
whena < L is shown inFig. 3. Ritger and Peppas (198Ttend to study release

In casea > L, the release process is completed at from both sides of a thin film of thickne$sTo do so,
timet = (Co/ko)L, EQ. (4) The analysis follows the  they use the fact that the ratdd,/M,, of such a film
same pattern as above by adjusting the time limit at is the same as thil;,/M, of a thin film of thickness
0.6(Co/ko)L. A typical example of comparison be- 1/2 which can “leak” only from one of the two sides.
tweenEqgs. (8) and (11whena > L is shown in The latter case is easier to study as there is only one
Fig. 4. moving front that has to be considered.

In conclusion, the kinetics of Case Il drug transport  If we consider the case of one-dimensional release
with axial and radial release from a cylinder is defined from the thin film, the amount of drug release at time
by Eq. (8) Our analysis did not prove that the release tis
exponentn = 0.89 in Eq. (1) is the best choice for
the analysis of data obeyingq. (8) However, we = koAt (A-1)
have demonstrated that this Choice, which is Wldely and not agzq (AZ), as it is included |rR|tger and
used in literature, can indeed be considered as a goodpeppas (1987)
choice when Case Il drug transport with axial and
radial release from cylinders is examined. M, = koA

t (A.2)
X
wherex is thickness and\ is the surface of the film.
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