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Abstract

The purpose of this study was to investigate the mechanisms of drug binding into and drug release from cation-exchange
fibers in vitro under equilibrium conditions. Ion-exchange groups of the fibers were weakly drug binding carboxylic acid
groups (–COOH), strongly drug binding sulphonic acid groups (–SO H), or combinations thereof. Parameters determining3

the drug absorption and drug release properties of the fibers were: (i) the lipophilicity of the drug (tacrine and propranolol
are lipophilic compounds, nadolol is a relatively hydrophilic molecule), (ii) the ion-exchange capacity of the fibers, which
was increased by activating the cation-exchange groups with NaOH, (iii) the ionic strength of the extracting salt (NaCl),
which was studied in a range of 1.5 mM to 1.5 M, and finally (iv) the effect of divalent calcium ions (CaCl ) on the release2

of the model drugs, which was tested and compared to monovalent sodium ions (NaCl), and combinations thereof. It was
found that the lipophilic drugs, tacrine and propranolol, were retained in the fibers more strongly and for longer than the
more hydrophilic nadolol. The more hydrophilic nadolol was released to a greater extent from the fibers containing strong
ion-exchange groups (–SO H), whereas the lipophilic drugs were attached more strongly to strong ion-exchange groups and3

released more easily from the weak (–COOH) ion-exchange groups. The salt concentration and the choice of the salt also
had an effect: at lower NaCl concentrations more drug was released as a result of the influence of both electrostatic and
volume effects (equimolar drug:salt ratio). Incorporation of CaCl in the bathing solution increased drug release considerably2

as compared to NaCl alone. The equilibrium distribution of the drug species between the fiber and external solution phases
was also simulated and it was found that the theoretical modelling proposed describes adequately the basic trends of the
behavior of these systems.  2001 Elsevier Science B.V. All rights reserved.
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and Holmes synthesized the first ion-exchange resins capacity, grafting), may be utilized to control the
in 1935 [3]. From 1950 to the present the com- release kinetics of a drug from ion-exchange systems
plexation of drugs with ion-exchange resins has been [7–9]. In the present study, the effects of these
studied extensively [4–8]. Many drugs are in factors on the absorption and release of three model
charged form at the physiological pH 7.4. The drugs was studied theoretically and experimentally.
advantage of ion-exchange materials for controlled We analyzed the effect of (i) lipophilicity of the
transdermal drug delivery is their ability to bind and drugs, (ii) cation-exchange fiber activation with
exchange charged drug molecules. A major interest NaOH, (iii) ionic strength of the extracting salt at
in the use of ion-exchange fibers in formulation equimolar concentration with the drug, and (iv)
development is to provide a controlled release profile divalent calcium ions compared to monovalent so-
and predetermined drug absorption from the trans- dium ions, and their combination. Determination of
dermal drug delivery system. Recently, our group the equilibrium distribution of the drug species
studied the suitability of cation- and anion-exchange between the fiber and external solution phases was
fibers for controlled transdermal drug delivery [9]. the major objective of this study.
The results showed that ion-exchange fibers might be
capable of controlling the release rate of drugs and
(iontophoretic) transdermal drug delivery across the 2. Materials and methods
skin.

Ion exchangers consist of a framework, the so- 2.1. Chemicals
called matrix, carrying a positive or negative electric
fixed charge, which is compensated by mobile The positively charged (pH 7.4) model drugs
counterions of opposite sign. A small amount of studied, tacrine(–HCl), propranolol(–HCl) and
mobile ions of the same sign (coions) can also be nadolol were from Sigma (St. Louis, MO, USA).
present. Charged groups bound to the matrix are for Extracting salts, buffers and other chemicals were of

2 2 22 22instance –SO , –COO , –PO , –AsO in cation analytical grade and were used without further3 3 3
1 1 1 1exchangers and –NH , –NH , –NH and –S in purification. Deionized (MilliporeE) Milli-Q water3 2

anion exchangers [10]. The ion exchange is a (resistivity $18 MV / cm) was used to prepare all
stoichiometric process in which any counterions that solutions. The ion-exchange fibers Smopex -101 [–

leave the ion-exchanger are replaced by an equiva- SO H ion-exchange groups, poly(ethylene-g-3
lent amount of other counterions [11]. This is a styrenesulphonicacid) fiber], Smopex -102 [–COOH

consequence of the electroneutrality requirement. ion-exchange groups, poly(ethylene-g-acrylicacid)
The ion exchange is essentially a diffusional process, fiber] and Smopex -107 [1:1 –COOH and –SO H3

but also is related to chemical reaction kinetics. ion-exchange groups, poly(ethylene-g-acrylicacid-
Usually the ion exchangers are selective: they take co-vinylsulphonicacid)fiber] were obtained from
up some counterions in preference to others. The SmopTech (Turku, Finland). Maximal ion-exchange
rate-determining step in ion exchange is diffusion capacity of the 101-fiber was 3.2 mmol /g, of the
either within the ion exchanger itself or in the 102-fiber 8.0 mmol /g, and of the 107-fiber 8.0
diffusion boundary layer [10]. mmol /g.

Biological factors of transdermal drug delivery,
which are (in general) less easily controlled, include 2.2. Preparation of the drug containing ion-
intra- and intersubject variability, regional blood exchange fiber discs
flow, and skin pH [12]. Better control of biological
variability in transdermal drug absorption has been Circular discs (diameter 15 mm) were cut from the
attempted with ion-exchange systems. Selection of cation-exchange fibers. The weight of the discs was
external conditions (e.g. ionic strength, pH, and |50–100 mg depending on the fiber: the thickness of

 choice of the salt in the release medium), drug the Smopex -107 fiber was |3 mm, the Smopex -
properties (charge, lipophilicity and molecular 102 fiber was |6 mm, and the Smopex -101 fiber

weight), and fiber quality (ion-exchange groups, was like a cotton cloth. To activate the ion-exchange
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groups, the fiber discs were treated with 0.1 M NaCl experiments, the fibers were activated with 0.1 M
solution or 0.1 M NaCl /0.1 M NaOH (1:1) solution NaCl /0.1 M NaOH solution.
for |30 min. Thereafter, the fiber discs were washed
with purified water. The discs were immersed in a 2.4. Analysis of the drugs
1% (m/V) tacrine(–HCl), propranolol(–HCl) or
nadolol solution three times consecutively. The first The drugs were analysed by HPLC (Beckman
and second times the discs were immersed for 3 h System Gold, Beckman Instruments, San Ramon,
and the third time overnight (|12 h). After each CA, USA). Tacrine, propranolol and nadolol were
immersion, the discs were washed with purified analyzed with a supelcosil LC-18-DB column (1503
water. The amounts of absorbed drugs in the fiber 4.6 mm, 5 mm; Supelco, USA). The flow rate was
discs were determined by HPLC from the combined 1.0 ml /min in each case. Analysis methods were
washing solutions. similar to our previous study [9]. For tacrine, the

mobile phase included 22% acetonitrile, 1% triethyl-
amine, and 77% deionized water at pH 6.5 (l5240

2.3. Drug release from the ion-exchange fiber in nm). For propranolol analysis the mobile phase was
vitro 35% acetonitrile and 65% acetate buffer at pH 4.0

(l5289 nm). Nadolol was analyzed with 25%
Drug release from the cation-exchange fiber discs acetonitrile, 1% heptane sulphonic acid, and 74%

was tested in vitro in glass dishes (with bottle top) at acetate buffer at pH 4.0 (l5223 nm).
a temperature of 258C. Drug containing fiber discs
were separately placed in NaCl solutions (0.0015,
0.015, 0.15 and 1.5 M). The redistribution of the 3. Theory
drug between the ion-exchanger phase and the
bathing solution depends not only on the external

3.1. Drug partition equilibrium
solution concentration but also on the solution
volume. A disc placed in a large volume of a

The equilibrium distribution of the drug species
concentrated electrolyte solution would exchange

between the fiber and external solution phases results
practically all the drug with the solution, and no

from both electrostatic and hydrophobic interactions.
conclusion could be drawn about the tendency of the

The former are measured by the electrical partition
drug leave the fiber under these conditions. To avoid

coefficient [10,13]
this problem, different volumes of the release
medium were used. The volumes were chosen so that K 5 exp(2z Ff /RT ) (1)e,d d D
each NaCl solution contained an equimolar con-

where F, R, and T are the Faraday constant, the gascentration of the salt as the concentration of the drug
constant, and the thermodynamic temperature, re-that was in the fiber. To measure drug release from

¯spectively, and f ; f 2 f (i.e. the electrical po-the fiber, the NaCl solutions were changed five times D

tential in the fiber with respect to the external phase)during a week (at 1, 2, 3, 4, and 7 days). The results
is the Donnan potential. Overbars denote fiber phaseare shown in Figs. 1–4 for equilibration stages 1–5,
throughout this study. The Donnan potential isrespectively. Fiber discs were washed with purified
determined by the ion-exchange capacity of the fiberwater (10 ml) and squeezed, the washing solutions
and the nature and concentration of the externalwere collected, and the released drug concentrations
solution. In the case of cationic drugs (chargein these solutions were determined by HPLC.
number z . 0) in cation-exchange membranes, fIn addition to drug release tests (three model d D

 is negative and K . 1.drugs) in NaCl, tacrine release from the Smopex - e,d

The chemical partition coefficient [14]101, -102 and -107 fibers was tested in the presence
0 0of 10%/90%, 50%/50% and 90%/10% (m/V) ¯K 5 exp[(m 2 m ) /RT ] (2)c,d d dCaCl /NaCl solutions. The total NaCl1CaCl con-2 2

centration was 0.015 M in each case. In these measures the tendency of the drug to get into the
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Fig. 1. Effect of electrolyte concentration on the release of nadolol (a,d), propranolol (b,e), and tacrine (c,f) from sulphonic acid
 (Smopex -101) (a,b,c) and carboxylic acid (Smopex -102) fibers (d,e,f): (——) 1.5 mM, (— – —) 15 mM, (– – –) 0.15 M, (- - - - - -) 1.5

M. Smooth fitting curves to the experimental data have been drawn to facilitate the interpretation of the figure.

hydrophobic fiber as a result of its specific inter- As a result, the molar concentration ratio of the
0action with the fiber. In Eq. (2), m is the standard drug is [13,15]d

chemical potential of the drug species. The more c̄d
]hydrophobic the drug, the larger the decrease in free 5 K 5 K K . (3)p,d e,d c,dcdenergy associated with its interaction with the fiber

and the larger the value of K (.1). In the case of This equation states that the electrochemical po-c,d

hydrophilic drugs, however, K could be ,1. (The tential of the drug species takes the same value in thec,d

water content of the fiber also affects the value of fiber and external solution phases under equilibrium
K .) conditions (Donnan equilibrium). Note that the drugc,d
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Fig. 2. Effect of calcium ions on the release of tacrine from Fig. 3. Effect of electrolyte concentration on the release for
Smopex -101 (a, 100% sulphonic acid), -102 (b, 100% carboxylic different values of drug lipophilicity K 510 (a), 100 (b), and 500c,d

acid), and -107 (c, 50%/50% sulphonic /carboxylic acid) fibers: (c): (——) 1.5 mM, (— – —) 15 mM, (– – –) 0.15 M, (- - - - -)
(——) 90%, (— – —) 50%, (– – –) 10%, (- - - - -) 0% CaCl . 1.5 M.2

Total concentration of NaCl1CaCl was 15 mM. Smooth fitting2

curves to the experimental data have been drawn to facilitate the
interpretation of the figure. initially immersed several times in a 1% (m/V) drug

solution and washed with purified water. The discs
concentration is relatively low in both phases, and prepared in this way contained practically no chlo-
therefore no activity coefficients have been included. ride ions. The amount of drug inside the fiber disc,

0n , was accurately determined from the washingd

3.2. The effect of ionic strength on drug release solutions and, therefore, the initial drug concen-
0 0 ¯ ¯¯tration inside the fiber is c 5 n /V, where V is thed d

In the experimental procedure, the fiber discs were fiber volume. Moreover, the local electroneutrality
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0 0n 5 c V (4)1 1

was always the same. The limited amount of elec-
trolyte ions in the partitioning equilibria, causes the
drug release to be influenced by both electrostatic
and volume effects.

While the partition equilibrium of the drug is
highly influenced by the specific (chemical) interac-
tions, the partition equilibrium of the electrolyte ions
is mostly dictated by electrostatic interactions and,
hence, their partition coefficient is simply given by
[13,15]

c̄i 2zi]5 K 5 K (5)e,i eci

where K 5 exp(Ff /RT ) and z is the charge num-e D i

ber of species i. Considering that the drug solution is
completely dissociated, the Donnan potential, f , isD

determined by the local electroneutrality conditions
in the fiber and external solutions [10]

¯ ¯ ¯2 z c 5 z c 1 z c 1 z cm m d d 1 1 2 2

2z 2z 2zd 1 25 z c K K 1 z c K 1 z c Kd d c,d e 1 1 e 2 2 e

(6)

0 5 z c 1 z c 1 z c . (7)d d 1 1 2 2

In the simple case z 5 z 5 1, z 5 z 5 2 1 (i.e.d 1 2 m

1:21 electrolyte solution, univalent cationic drug
and cation-exchange fiber), Eqs. (6) and (7) lead to

21(c K 1 c )K 2 (c 1 c )K 2 c 5 0 (8)d c,d 1 e d 1 e m

2 1 / 2
2 c 1 [c 1 4(c 1 c )(c 1 c K )]m m 1 d 1 d c,d
]]]]]]]]]]]]K 5 .e 2(c 1 c )1 d

Fig. 4. Effect of calcium ions on the release for K 5300 andc,d (9)
different values of the binding constant K 50 (a), 1 mM (b), andb

50 mM (c): (——) 90%, (— – —) 50%, (– – –) 10%, (- - - - -)
It is important to observe that concentrations c0% CaCl . Total concentration of NaCl1CaCl was 15 mM. d2 2

and c depend on K , because the limited amount of1 e

both the drug and external electrolyte ions requirescondition requires that the concentration of ion-ex-
that the conditionschange groups bound to the fiber discs is c 5 uz /m d

0
0¯z uc , where z denotes the charge number of these ¯m d m ¯n 5 c V 1 c V (10a)d d dgroups.

Then the discs were introduced into electrolyte 0 ¯¯n 5 c V 1 c V (10b)1 1 1solutions. The volume V used of the electrolyte
solution was inversely proportional to its concen- must be satisfied. Note also from Eq. (9) that f 5D

tration, so that the number of moles of external (RT /F ) ln K may take positive values (i.e. K . 1)e e

electrolyte cations when K 4 1. In other words, the fiber mightc,d
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21 2behave as an anion-exchange fiber due to strong constant of Ca ions to COO groups, the net
chemical interactions between the drug and the fiber, charge associated to the membrane is [17]
and in this case the effect of increasing electrolyte ¯K c 2 121b Caconcentration would be to reduce the drug release. ]]]]z c 5 (x 2 x )c 5 c (12)m m 1 2 T T¯K c 1 121b CaAfter equilibration, the discs were squeezed, thus
reducing their volume in DV. This process eliminates where c is the total concentration of fixed groups inT
a neutral solution composed by a large fraction of the ¯the fiber. Note that z c 52c when K c < 121m m T b Ca
coions and the same amount of counterions. If we ¯(weak binding), and z c 5c when K c 4 121m m T b Ca
denote by Dn the number of moles of species i that (strong binding).i

are squeezed out of the fiber, the concentration of When using mixed NaCl /CaCl solutions, the2
¯ 9 9species i in the fiber (c ) and in the solution (c ) Donnan potential f 5 (RT /F ) ln K is given by thei i D e

after squeezing are, respectively, local electroneutrality conditions in the fiber and
external solutions

c̄ V2 Dni i
21 22¯ ]]]9c 5 (11a) (c K 1 c 1 c )K 1 2c Ki 21d c,d H1 Na1 e Ca eV2 DV

2 c K 2 z c 5 0 (13)2Cl e m mc V 1 Dni i
]]]9c 5 . (11b)i V 1 DV

c 1 c 1 c 1 2c 2 c 5 0. (14)1 1 21d H Na Ca Cl2

Assuming that Eqs. (3) and (5) are still valid after The simulation of the drug release experiments is
squeezing, although with a different value of K , Eq.e then carried out as described in the previous section,
(6) can be used to determine the values of Dn . 0i ¯¯including also the equation n 5 c V 1 c V,21 21 21Ca Ca CaThe whole procedure was repeated five times which takes into account the finite amount of cal-
(after 1, 2, 3, 4, and 7 days), and the situations cium ions.
achieved are denoted as equilibrium stages 1–5,
respectively. It is admitted that the equilibrium
distribution has been reached after 1 day and,

4. Results and discussiontherefore, that the equilibrium Eqs. (11a) and (11b)
can be used to simulate the concentrations that would

4.1. The drug binding capacity of ion-exchangebe experimentally measured at those times.
fibers

3.3. Bathing solutions containing calcium ions The drug binding experiments can be considered
as partition equilibrium experiments, where the

Calcium ions are known to adsorb strongly to volume of the external solution is large enough so as
carboxylic groups, but not to sulphonic groups to consider the external solution concentration con-
[15,16]. The behavior of fibers with these two types stant. This solution contains the drug in salt form at a
of ion-exchange groups is, therefore, expected to be concentration c . The equilibrium concentration ofd

different when calcium ions are present in the ¯the drug in the fiber c is obtained from Eqs. (3) andd

external electrolyte solution, as was confirmed by the (9), with c 50, as [13]1

experiments.
2 1 / 2c c21 2 m m 2The adsorption of a Ca ion to a COO group ¯ ] ]c 5 1 1 K c . (15)FS D Gd c,d d

1 2 2generates a group COO? ? ?Ca , which acts as an
anion-exchange group. When this adsorption is Table 1 shows the drug content of ion-exchange

strong enough, the fiber behaves as an anion-ex- fibers containing sulphonic groups (Smopex -101),
change fiber. If x and x denote the molar fractions carboxylic groups (Smopex -102 and -102*) and2 1

2 of carboxylic groups in the negatively (COO ) and their combination (Smopex -107). The drugs have
1positively (COO? ? ?Ca ) charged forms, respective- been presented in order of increasing lipophilicity as

¯ly, and K 5 x /(c x ) stands for the binding determined from their octanol /water partition coeffi-21b 1 Ca 2
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Table 1 why the increase is more pronounced in the case of
Drug content (in mmol /g) in cation-exchange fibers Smopex - lipophilic drugs remains unclear.

101 (100% sulphonic acid), -102 (100% carboxylic acid) and -107
a(50%/50% sulphonic /carboxylic acid) after 24 h of equilibration

4.2. Drug release from the ion-exchange fibers in
Drug Fiber vitro

-101 -102 -102* -107

Fig. 1 shows the experimental results on the effectNadolol 1.88 2.28 4.54 0.98
Propranolol 3.09 2.94 8.33 2.69 of electrolyte (NaCl) concentration on drug release

Tacrine 4.43 1.43 8.30 0.98 from fibers Smopex -101 (sulphonic acid) and -102
a The fibers were activated with 0.1 M NaCl solution or, in the (carboxylic acid). The first noticeable difference

case denoted as 102*, with 0.1 M NaCl /0.1 M NaOH solution. between the release of the drugs from these two
fibers is that the drug release values are very
different (note the different scales of the ordinate
axes). Although the lipophilicity scale tacrine¯

cient [9] (i.e. tacrine and propranolol are more propranolol.nadolol is respected in both cases, in
lipophilic and nadolol more hydrophilic). From this the sense that larger lipophilicity implies lower drug

table, particularly from the columns corresponding to release, the release of nadolol from Smopex -101 is
Smopex -101 and -102*, it can be observed that the over ten times larger than that of tacrine from this

drug content increases with increasing lipophilicity same fiber (compare Fig. 1a,c), while it is only about
(i.e. increasing K ) as predicted by Eq. (15). The twice as large in the case of Smopex -102 (comparec,d

differences shown in Table 1 in the drug content Fig. 1d,f). This indicates that the specific interaction
values for a given drug in different fibers is not of the lipophilic drugs propranolol and tacrine with
really in contradiction with this statement, but it the sulphonic acid fiber is stronger than with the
rather is a clear manifestation of the fact that the carboxylic acid fiber, while the opposite is true for
distribution equilibrium of the drug is affected by the interaction of nadolol with these fibers. This
drug–fiber interactions, which are specific to the conclusion is in full agreement with the first two
ion-exchange group and the nature of the fiber. The columns in Table 1. Other researchers have found
strength of these interactions also affects the value of the same effect, e.g., Sprockel and Price observed
the chemical partition coefficient, K . that drug is released more quickly from a carboxylicc,d

¯The drug content c is always larger than c , and acid resin than from a sulphonic acid resin [18].d m

¯the difference c 2 c is equal to the concentration Effect of fiber activation with NaOH upon drugd m

of coions (i.e. anions) inside the fiber. The actual release was also studied. Activation of fibers with
value of c in the fiber used in these experiments is NaOH increased drug binding to ion-exchangem

not known, but it is expected to be a fraction of the groups (Table 1), but the fraction of the drug content
maximum ion-exchange capacity of the fibers, which released in every case was about the same (data not

are 3.2 mmol /g (Smopex -101) and 8.0 mmol /g shown). The amount of tacrine released from the
 (Smopex -102 and 107). Since the values in Table 1 Smopex -102 fiber in the 0.015 M NaCl solution in

are only slightly larger than the maximum ion-ex- 1 week was (9.4062.1)% when the tacrine content
change capacity of the fibers, the amount of coions in the fiber was 1.43 mmol /g, and (8.7160.85)%
seems to be relatively small. with the initial tacrine content of 8.30 mmol /g.

When the fiber Smopex -102 with weak carboxy- Correspondingly, with propranolol the release was
lic groups was activated with a NaCl /NaOH solution (10.660.3)% at 2.94 mmol /g drug content and

(Smopex -102*), the fixed charge concentration c (12.860.3)% when the drug content was 8.33 mmol /m

reached a value approximately equal to the maxi- g. Thus, although the drug content in the fibers was
mum ion-exchange capacity of this fiber. The in- increased leading to the greater amount of drug
crease in drug binding in this case (with respect to released, the fraction of the drug released remained

Smopex -102 with NaCl activation) is, therefore, about constant. Conaghey et al. have observed the
attributed to the increase in c , although the reason same influence with ion-exchange resins, when am
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constant fraction of drug content was released from calcium ions into the carboxylic groups, which is
the resins, although the drug content in the resins known to be very strong at the pH of these experi-
was increased [8]. ments [16].

In the cases of nadolol and propranolol, Fig. 1 Figs. 3 and 4 show simulations of experiments,
clearly shows that the drug release increases with which have been carried out assuming a fiber volume

¯decreasing electrolyte concentration. This trend is V51 ml, squeezed by DV50.5 ml, and loaded with
0not as evident in the case of tacrine due to the an initial amount of drug n 5100 mmol. Similarly tod

stronger specific interactions, which lead to very low the experimental procedure, only five values have
drug release values. These results can be easily been simulated, corresponding to the equilibrium
understood from the consideration of Eq. (4), i.e. distributions reached at times 1, 2, 3, 4, and 7 days
from the change of the solution volume with elec- (equilibration stages 1–5, respectively). Continuous
trolyte concentration. The volume V used in the lines have been drawn on those values to facilitate
release experiments with 1.5 mM NaCl was 1000 the figure interpretation. The effects of the drug
times larger than in the experiments with 1.5 M lipophilicity and the external electrolyte concentra-
NaCl, and this difference in volume has certainly an tion are considered in Fig. 3. The different scales
influence on the drug release, as described by Eqs. used in Fig. 3a–c clearly show that the increase of
(10a) and (10b). The change in electrolyte con- K leads to a decrease of the drug release, as couldc,d

centration has two competing effects on the drug be expected. In each of these figures, the increase of
release. On one hand, increasing electrolyte con- the external electrolyte concentration leads to a
centration decreases the Donnan potential and, decrease of the drug release, in agreement with the
hence, the electrostatic affinity between the drug and experimental observations. This effect is more sig-
the fiber, thus tending to increase drug release. On nificant (in relative terms) in the case of drugs with
the other hand, a large electrolyte concentration moderate to large lipophilicity (i.e. Fig. 3b,c) since in
implies a small volume of the external solution and this case the Donnan potential is smaller and the
then a very small amount of released drug is needed volume effects mentioned above become dominant.
to reach the equilibrium drug concentration in the Fig. 4 illustrates the effects of the nature of the
external solution. Fig. 1 shows that this latter volume external electrolyte solution (ternary solution NaCl /
effect is dominant. CaCl ) and the interaction between calcium ion and2

The opposite situation (i.e. drug release increasing the charged groups of the fiber. The binding constant
with increasing electrolyte concentration) would be K used in Fig. 4a is zero, and, therefore, this figureb

observed if the same external solution volume were illustrates the fact that increasing the fraction of
used for the different electrolyte concentrations. This calcium chloride reduces the Donnan potential (i.e.
has indeed been observed by other authors with reduces the electrostatic binding between the drug
similar ion-exchange systems [7,19]. and the charged groups of the fiber) and increases the

Since the specific interaction between tacrine and drug release. Fig. 4b considers a moderate value of
the fibers is so strong that the tacrine release is very the binding constant, which could be the case in

small at all electrolyte concentrations (Fig. 1), the Smopex -101 and -107 fibers. In agreement with the
release of tacrine was also studied with mixed experimental observations in Fig. 2a,c, Fig. 4b shows
solutions containing NaCl and CaCl at fixed total that increasing the fraction of calcium chloride2

concentration. Fig. 2 shows the experimental results increases the drug release. This is basically due to
regarding the effect of calcium ions on drug release. the reduction of the effective charge of the fiber,

1It was found that even 10% of CaCl had a pro- z c , due to the formation of COO? ? ?Ca groups,2 m m

nounced effect on the drug release. The release was which leads to a reversal of the sign of z c , whenm m
virtually complete from Smopex -107, which has the fraction of CaCl is 90%. For the lower values of2

the lower ion-exchange capacity (according to Table the CaCl fraction, the effective fixed charge does2

1), while it increased dramatically in the case of fiber not reverse the sign, but it is so small that the fiber
Smopex -102, and to a lesser extent in the case of behaves as an anion exchanger (i.e. K ,1) due toe
Smopex -101. This effect is due to the binding of the high value of the drug lipophilicity considered,
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K 5300 (see the comments after Eq. (9)). This project No. PB98-0419. J.H. thanks also thec,d

behavior as an anion-exchange fiber explains the Academy of Finland for financial support.
significant increase in drug release observed in Fig.
4b with respect to Fig. 4a. Finally, Fig. 4c considers
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