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Abstract

Among different technological variables that influence drug release from hydrophilic matrices, different proportions of the
polymer and a water-soluble excipient have been used to control the drug release properties. These variables were used to
modify the drug release rate and to examine its effect on the mechanism controlling the process. Tablets of the model drug
4-aminopyridine (4-AP) were prepared varying the matrix proportion of hydroxypropyl methylcellulose (HPMC) and citric acid
(CA). The matrices release behavior (USP apparatus 2, paddle, at 50 rpm) was examined using 0.1N HCI and 0.2 M phosphate
buffer as dissolution media. Dissolution curves were describetMppyfiv = kt’, applied separately for each dissolution
medium. The increase of the HPMC matrix content reduced the release rate of the drug. The release mechanism showed a
linear trend toward highar values with a continuous reduction of drug release. The addition of increasing proportions of CA
produced the opposite. An increasing drug release rate produced logarithmic decneadirgs. The results demonstrate, as
a general rule, that every restriction of the drug release rate is associated with increasing values of the mechanism-indicating
exponenmt. This relationship means a logarithmic movement away from a release mechanism controlled by diffusion toward
a mechanism controlled by relaxation, erosion and dissolution of the polymeric matrix as the drug release rate is restricted.
These results are attributed to an increasing hydration and dissolution of the polymeric matrix, as the drug release is subject to
limitation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction matrices is hydroxypropyl methylcellulose (HPMC).
This polymer is considered among the water-soluble
In recent years, hydrophilic matrices are becoming polymers Rowe, 1984 A further point to consider is
very popular in controlling the release of soluble drugs relative to the possible effects of interactions between
from solid dosage forms. The properties of the gelling the polymer forming the matrix and admixed excipi-
agent are the element in the formulation that is most ents and drugs.
responsible for the formation, by hydration, of a dif- The effect of adding non-polymeric excipients to a
fusion and erosion-resistant gel lay&atquez et al., polymer matrix brings about marked increases in the
1992. The most widely used polymer for hydrophilic release rate of hydro-soluble active principles if the
excipients are soluble like lactose and less important
"+ Corresponding author. Fax:52-5396-3503. increases if the excipient is insoluble like tricalcium
E-mail addressivillaro@ench.ipn.mx (L. Villafuerte-Robles). phosphatel(apidus and Lordi, 1968; Holgado et al.,
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1995; Espinoza and Villafuerte, 199However, the As the swelling process proceeds, the gel layer
effect of adding non-polymeric excipients (soluble gradually becomes thicker resulting in progressively
and insoluble) was not always demonstratedida slower drug release rates that in certain proportion can

et al., 1997. The release profile of theophylline from be compensated with increased porosities of the gel
hydrophilic HPMC matrices stayed unchanged when layer. On the other hand, the continuous polymer hy-
lactose and tricalcium phosphate were added at con-dration results in gradually increased polymer release
centrations of 11 and 22%. rates, decreasing the depletion zone and increasing
In drug delivery systems of the matrix-type, it is the dissolution rate. The contribution of both above
visualized that the drug solids in the layer closer to mentioned processes determine the actual release
the surface of the device are the first to elute, and mechanism.
when this layer become exhausted, the drug solids in  Particularly, the HPMC release profiles are convex
the next layer then begin to be depleted. The thickness shaped. This indicates that the polymer dissolution
of the depletion zone becomes greater and greater agate increases with timeS(ng et al., 1996 This
more drug solids elute out of the device. At a very means that the greater the time for polymer hydration,
early stage of the drug release process, only a smallthe greater the polymer dissolution rate. This allows
amount of drug has been released and the thicknessthe expectation that the relaxation and erosion of the
of the depletion zone is so small that the drug sys- matrix influence the release mechanism in a greater
tem produces a constant drug-release profile. If the extent as the time to release the drug is prolonged.
magnitude of the thickness of the depletion zone, af- It takes more time to release a given drug quantity
ter a finite time, becomes substantially large, a matrix as the release rate decreases, giving opportunity for
diffusion-controlled process becomes the predominant a greater matrix hydration, relaxation and erosion
step in the mechanism of drug release from a polymer before this quantity of drug is released.
matrix. The cumulative amount of drug released be- The mechanism of drug dissolution could be
comes directly proportional to the square root of time moved in the direction of apparent zero-order kinetics
(Chien, 1982 through the restriction of the drug releaségoreaux
The drug release from swellable and erodible hy- and Ghaly, 1994 The restriction is understood as the
drophilic matrices involves several events. As the act of subjecting to limitation the drug release. For a
matrix comes in contact with the dissolution medium, given swellable hydrophilic polymer matrix, a shift
the polymer undergoes a relaxation process and two from a diffusion controlled drug release toward a relax-
fronts are established around the matrix. At the pene- ation/erosion controlled process could be obtained re-
tration front, the hydration, swelling and coalescence ducingthe drug solubility or increasing the time for the
of polymer particles occurs, whereas at the dissolution drug to go through the matrix. The time to go through
front, polymer chain disentanglement and dissolution the matrix increases by increasing the diffusion path
of the hydrated matrix occurs. The gel layer thick- length or decreasing the drug diffusivity through the
ness, which determines the diffusional path length matrix. Soluble drugs, releasing from HPMC matri-
of the drug, corresponds to the distance between ces, showed values of about 0.67 while insoluble
the penetration and dissolution frontSupg et al., drugs showeah values about 0.865ord et al., 198).
1996. Polymer dissolution occurs because at the The restriction of drug release from HPMC matrices
gel matrix-diffusion layer interface chain entan- that dissolve in 0.1N HCI has been found to shift the
glement becomes so weak that the matrix can no release mechanism from diffusion & 0.66) toward
longer hold polymer chains together. Thus, polymer relaxation/erosion { = 0.89) (Martinez-Gonzalez
dissolution takes place at this interfacéu(et al., and Villafuerte-Robles, 2003 This occurs through
1995. addition of different proportions (2—9%) of an insol-
Drug release from this type of matrices is uble excipient, enteric citric acid (CA). Other release
attributed to polymer hydration and dissolution (re- restriction alternatives include the obstruction of the
laxation/erosion mechanism) and to drug diffusion matrix water acquisition(igoreaux and Ghaly, 1994
through the gel layer (diffusion mechanism) or a The model drug used in this study is 4-aminopyri-
combination of both. dine (4-AP). This drug has been found to improve the
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conduction of nerve impulses, in this manner, allevi-
ating symptoms in multiple sclerosis patients. More-
over, this drug is used in spinal cord injured individ-

255

weight were produced containing decreasing pro-
portions of CA from 50 to 5%. It is assumed that
decreasing proportions of this water-soluble excipient

uals to increase motor control and sensory ability and produce lower matrix porosities restricting drug diffu-

to reduce chronic pain and spasticityansebout and
Blight, 1996. 4-Aminopyridine has also been found
to improve the mental functions in patients with
Alzheimer’s diseaseMasterson and Myers, 1996
The oral daily dose of 4-AP for humans treatment is
variable and between 10 and 30 n&gfal and Brun-
nemann, 199y Instead of 4-AP, its hydrochloride and
its sulfate have been used befoRegnolds, 198p

The purpose of this work is the verification of the
relationship of a progressive restriction of drug re-
lease from a swellable hydrophilic matrix with the

sivity. Mixtures with seven different HPMC/CA ratios

were used to obtain matrices with two different con-
stant weights, 200 and 300 mg. The powders (10g)
were mixed in a twin shell blender during 20 min

at 22rpm and then manually granulated with water
(1-5ml), kneading 15min. The wet mass passed
through a number 14 sieve. The granules were dried
for 4h at 40°C. Tablets were prepared by compres-
sion of the granules for 20s in a hydraulic press
with 8-mm flat faced punch and die, at a compaction
pressure of 55MPa. No lubricant was used in the

mechanism controlling the process, no matter which tablets.

variables are moved. This circumstance is considered

as a way to transform diffusion controlled processes 2.2.2. Dissolution methodology
into apparent zero-order release kinetics. The release Dissolution studies were carried out at 37 and
restriction in this case obtained through increasing 50rpm, with the USP dissolution apparatus Il (pad-

the matrix polymer proportion and the matrix size

dle method) (Hansen Research) in 900 ml dissolution

and decreasing the matrix content in a water-soluble medium. For the first 3h, the dissolution medium

excipient such as citric acid.

2. Materials and methods
2.1. Materials

The pharmaceutical excipients Metolose 90SH-
4000SR (Shin-Etsu Chemical Co., Ltd.), a brand of
hydroxypropyl methylcellulose (HPMC) obtained
from Nutrer-Mexico, anhydrous citric acid USP (CA)
obtained from Helm-Mexico and the experimental
drug, 4-aminopyridine (4-AP) obtained from ICN
Biochemicals Inc., were used as received.

2.2. Methods

2.2.1. Matrix preparation

To restrict progressively the 4-AP release through
increasing the diffusion path length, different size and
different composition matrices were produced with in-

creasing polymer content. HPMC was used to produce

matrices containing 20 mg 4-AP loading and six dif-

ferent HPMC quantities ranging from 50 to 400 mg.
To restrict progressively the 4-AP diffusivity

through the matrix, HPMC matrices with a constant

was 0.1N HCI and then, in a second vessel, for the
following 5h, the medium was phosphate buffer pH
7.4. The release profiles of 4-AP show the accumu-
lated drug dissolved from each vessel at every time.
A wide stainless spiral was used to avoid floating of
the tablets but allowing tablet swelling.

Samples (3.0 ml) were withdrawn at predetermined
time intervals, filtered, diluted with 10 ml of 0.1N HCI
and analyzed spectrophotometrically at a wavelength
of 261 nm (Beckman DU-650 spectrophotometer).
The final dilution with 0.1N HCI was used to keep
constant the absorption pattern of the drug molecule.
The withdrawn dissolution medium (3.0 ml) was con-
sidered to calculate the amount of drug dissolved.
Dissolution studies were performed with three in-
dividual tablets of each different batch. The results
for each time point of the three different dissolution
curves are registered as an average in the figures. The
average of each time point was used to calculate the
regression parameters of each dissolution curve rep-
resenting a given formula or dissolution conditions.

The solubility of 4-AP in 0.1N HCl was determined
as 95 mg/ml while in phosphate buffer was smaller,
78 mg/ml. The solubility in both media is high enough
to consider the dissolution of tablets containing 20 mg
in 900 ml under sink conditions.
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3. Results and discussion When the value of is greater than that of the case-l|
transport £ > 1.0), the release is said to be Super

3.1. Release of 4-aminopyridine from HPMC/CA case-ll transport Brazel and Peppas, 2000; Ranga

matrices Rao et al., 1988 In the case of a matrix with cylin-

der form,n is said to be 0.45 instead of 0.5 and 0.89
Release data from swellable systems can be ana-instead of 1.0Kim and Fassihi, 1997

lyzed according to the power law expression shownin  Examples of release profiles of 4-AP from different
Eqg. (1) The kinetics and mechanism of drug release size and different composition matrices containing
for each system was investigated by fitting the release different HPMC proportions as well as from matrices
data into this equatiorMandal, 1995; Vigoreaux and  added of CA are depicted iRig. 1 Fitting disso-
Ghaly, 199%: lution data intoEq. (1) produced straight lines for
M, M, data corresponding to drug release up to 3h and for
= kt" or In (M- ) =nin@) +Ink) (1) data from 3 to 8 hKig. 1). Matrices with low HPMC

inf inf content, that is, 50 mg per tablet, dissolved totally in

The terms in this equation are as follovd;, the 0.1N HCI while matrices with a higher HPMC con-
amount of drug released at tinte Mjns, the total tent dissolved partially in both media. The change of
drug released over a long time peridd;the kinetics pH after 3h slowed down the release rate, changing
constant; ana, the mechanism of drug release. The the release profile. It is clearly a decrease in the 4-AP
value ofn ranges from 0.5tt/2 dependence, generally  release rate when the pH of the medium was changed
referred to as Fickian release) to 1 (representing the from 0.1N HCI to pH 7.4. This change in dissolu-
case-ll transport which is purely relaxation contro- tion rate is greater than that expected for dissolution
lled). The values in between indicate an anomalous be- at a constant pH. This is attributed to the change in
havior corresponding to coupled diffusion/relaxation. solubility of 4-AP. This could be accounted for by

HPMC (mg/tab): ©50 150 ©400 4 150+50 mg CA

4-aminopyridine (%)

0 200 400

Time (minutes)

Fig. 1. Release profile of 4-AP (20 mg) from different size and different composition HPMC/CA matrices. Matrices that dissolve first in
0.1IN HCI and thereafter in phosphate buffer pH 7.4. Experimental points, standard deviation and calculated regressions.
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Table 1
Regression parameters of 4-AP dissolution curves from HPMC matrices, in their first part, using 0.1N HCI as dissolution medium and
time up to 3h

HPMC (mg per tablet) Slopen) Intercept r? k

50 0.30965 —1.61748 0.994 0.19840
100 0.41954 —2.97590 0.989 0.05100
150 0.42627 —2.94160 0.990 0.05278
200 0.38203 —2.64490 0.554 0.07101
300 0.69935 —4.84360 0.998 0.00788
400 0.70044 —4.86560 0.989 0.00771

IN(M¢/Ming) = In(k) +nln(t), k = 10.213 x 1/HPMC— 0.0161, 2 = 0.889; n = 0.0012x HPMC + 0.2535, 2 = 0.837.

the conversion of the 4-AP hydrochloride to the less the matrix HPMC content. The exponemvalues of
soluble 4-AP free base, after the change in pH. The the release profiles in 0.1N HCI4ble ) and those
titration of 4-AP with HCI shows an inflexion point  obtained from phosphate buffefgble 9 show a lin-

at a pH of 7.0, assuming that it corresponds with the ear trend to increasing values as the HPMC matrix
most probably formed hydrochloride. The effect of content increases. The increasing release restric-
this change in solubility is a decrease of the diffusion tion, given by increasing matrix HPMC proportions,
rate of 4-AP through the gel barrier. Loading of CA changes the release mechanism from diffusion toward
to a matrix containing the drug and HPMC increases a relaxation/erosion-controlled process. The exponent
importantly the release rate although maintaining un- n values of release profiles of matrices releasing the
changed the release pattern. This can be seen compardrug in phosphate buffer are higher. This can be at-
ing the release profile of matrices containing 150 mg tributed to hydration of the matrix for 3h before the

HPMC with and without 50 mg CAKig. 1). dissolution at pH 7.4 began and to the lower drug
content in the matrix at this point.

3.2. Effect of release restriction on the release Fig. 3 shows the magnitude of the 4-AP release

profile of 4-AP from HPMC matrices restriction produced by increasing matrix HPMC pro-

portions in both 0.1N HCI and phosphate buffer pH

The increase of HPMC, while keeping constant the 7.4. The results are attributed to an increased tortuosity
matrix 4-AP content (20 mg per tablet), affected sig- and alonger diffusional path length. The potential con-
nificantly the release processables 1 and Zhow tribution to such an effect due to a measured increase
the regression parameters of release curves of matri-in the diffusional path lengttBaveja et al., 1987; Ford
ces that dissolve in 0.1N HCI and in phosphate buffer et al., 198% and measured changes in surface areas
pH 7.4, respectivelyEqg. (1) was applied separately of matrices because of the increased polymer content
for each set of data from different dissolution media. are not explicitly considered in the analysis; however,

Fig. 2 shows the relationship between the expo- they are qualitatively used to restrict drug release
nents indicative of the release mechanismy &nd rates.

Table 2
Regression parameters of 4-AP dissolution curves from HPMC matrices, in their second part, using phosphate buffer pH 7.4 as dissolution
medium and covering the time from hour 3 to hour 8

HPMC (mg per tablet) Slopen| Intercept r2 k

100 0.45978 —3.78620 0.952 0.022682
150 0.52439 —4.89320 0.974 0.007497
200 0.52757 —4.81410 0.956 0.008115
300 0.54164 —5.26830 0.851 0.005152
400 0.75783 —6.61930 0.989 0.001334

IN(Mt/Ming) = In(k) +nln(t), k = 2.5759x 1/HPMC— 0.0052, 2 = 0.894; n = 0.0008482x HPMC 4 0.3672,r2 = 0.805.
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a pH=7.4 o HC1 0.1N
y = 0.0008482x + 0.3672 y =0.001180x + 0.2535
R>=0.805 R?=0.837
08 +
A +13
0.6 +
S a e 109
=]
(5]
=]
2. 044
»®
84
+ 0.5
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0 : | t 0.1
0 200 400

HPMC(mg/tab)

Fig. 2. Effect of the HPMC proportion on the exponent indicating the release mechan)isfir¢lease curves of 4-AP (20 mg) matrix tablets.

Fig. 4 shows the calculated response surface for 3.3. Effect of release restriction on the release
the 4-AP release from HPMC matrices that dissolve profile of 4-AP from HPMC/CA matrices
in 0.1N HCI, as a function of the time and the matrix
polymer content. As can be seen, the drug release rate Matrices loading with CA in the range of 5-50%,
and the degree of curvature of the release profile de- while keeping the drug and the matrix total weight
crease as the polymer content of the matrix increases.constant (200 mg), affected the 4-AP release process
Every restriction of 4-AP release is associated with an (Tables 3 and ¥ although in a lower extent than the in-
extended time of matrix exposition to the dissolution creasing HPMC proportions. Decreasing proportions
medium in order to release a given quantity of the drug. of CA in the matrix tablets restrict the 4-AP release
Consequently, every release restriction is associatedrate {ig. 5. The release constant values decrease
to a higher degree of matrix hydration and a greater linearly with a decreasing CA loading of the matrix
contribution of the matrix relaxation/erosion process tablets. This occurs when the matrices release 4-AP
to the predominant release mechanism. The hydrationin 0.1N HCI as well as in phosphate buffer pH 7.4.
process of swellable hydrophilic matrices, as a func- Matrices with higher CA proportions (35 and 50%)
tion of time of exposure to an aqueous environment, dissolve fast completely the total drug content in 0.1N
involves progressively swelling, swelling/erosion and HCI. In these cases no drug was left to determine dis-
disentanglement/dissolution. Swelling or hydration solution characteristics at pH 7.4. The effect of CA
of the polymer matrix occurs at a rate that is mainly to speed drug dissolution is attributed to a loosening
a function of matrix composition and dissolution of the matrix structure through an increased porosity
medium penetration into the matriKifn and Fassihi, created after its dissolution and release. This process
1997). increases the porosity and reduces the tortuosity of
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Fig. 3. Effect of the HPMC proportion on the release constinb{ matrices of 4-AP (20 mg). Experimental points and regression lines.

the diffusional path, withdrawing the original release
restriction imposed by the HPMC gel layer.
0-30 30-60 060-90 The exponenh values increase logarithmically with
the increasing release restriction imposed by decreas-
ing proportions of CA in the matrixHig. 6). Table 3
summarizes release data corresponding to the 4-AP
dissolution in 0.1N HCI that indicate an anomalous

g
) Table 3
3 Regression parameters of 4-AP dissolution curves from HPMC/CA
é matrices (200 mg), in their first part, using 0.1N HCI as medium
9 and time up to 3h
% CA (%) Slope ) Intercept r2 k
<
5 0.57631 —3.42562 0.993 0.03253
10 0.57160 —3.29445 0.993 0.03709
15 0.55114 —3.21535 0.975 0.04014
20 0.54397 —3.09713 0.988 0.04518
25 0.54240 —2.90443 0.996 0.05502
- . 35 0.54038 —2.83017 0.988 0.05900
Time (min HPMC (mg/tab.
ime (min) (mg/tab.) 50 0.53291 —2.61919 0.993 0.07286

Fig. 4. Calculated response surface for the 4-AP (20 mg) release In(M;/Mins) = In(k) + nin(r), k = 0.0009078x CA + 0.02808,
from different size HPMC matrices that dissolve in 0.1N HCI. r?2 = 0.981; n = —0.0203INCA) + 0.6102, 72 = 0.920.
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front facilitated by CA dissolution. The consequence

Regression parameters of 4-AP dissolution curves from HPMC/CA of this would be an earlier or faster hydration and es-

matrices (200 mg), in their second part, using phosphate buffer pH
7.4 as dissolution medium and covering the time from hour 3 to

hour 8
CA (%) Slope ) Intercept r2

5 1.36167 —9.64833 0.936 0.0000645
10 1.08307 —7.49964 0.926 0.0005533
15 1.05978 —7.27098 0.925 0.0006954
20 1.10941 —6.95204 0.941 0.0009567
25 1.03317 —6.30401 0.893 0.0018290

IN(M¢/Ming) = In(k) +1In(2), k = 0.00007865< CA — 0.0003599,

r2 =0.913;n = —0.1803INCA) + 1.5923, r2 = 0.744.

tablishment of a looser gel barrier as the CA content
increases. Matrices with greater release restrictions,
because of swelling restrictions like those with lower

CA proportions, exhibit a shift towards drug release

by a mechanism predominantly based on relaxation
(Vigoreaux and Ghaly, 1994

Table 5

Regression parameters of 4-AP dissolution curves from HPMC/CA
matrices (300 mg), in their first part, using 0.1N HCI as medium
and time up to 3h

transport for all cases. There is a logarithmic tendency A (%) Slope @) Intercept 2 k

to modify the release mechanism from diffusion to- 5 0.7695 —4.4521 0.996 0.01165
ward relaxation/erosion as the release restriction in- 12 g-gggi _j-g;gz g'ggé 8-81222
creases. Th|s.|ncreasmg rglease restrlcthn is |mposed20 0.6084 _36414 0996 002622
by a decreasing CA loading of the matrix. Matrices 55 0.5802 32073 0.998 0.04047
with a decreasing release restriction (increasing matrix 35 0.5765 —3.1134 0.972 0.04445
proportions of CA) exhibit drug release profiles with 50 0.5745 —3.1076 0.982 0.04471

a trend toward a diffusion-controlled process. This |ns/Mi) = In(k) + nIn(r), n = —0.1005IMCA) + 0.9394,

may be attributed to a faster penetration of the water 2 = 0.89; k = 0.0008585CA+ 0.008764,r2 = 0.82.

O HCI0.IN opH7.4
y = 0.0009078x + 0.02808 y = 0.00007865x - 0.0003599
R®=0.981 R?=0913
0.08 —+ - 0.006
0.06 +
< 5 +0.004
g
g 004 1 1
Q
3
3
< + 0.002
0.02 +
0 t . 0
0 20 40 60
Citric acid (%)

Fig. 5. Effect of CA proportion on the release constagtdf 20 mg 4-AP from 200 mg-HPMC/CA matrices that dissolve first in 0.1N
HCI and thereafter in phosphate buffer pH 7.4.
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o HCI0.1N opH74
y=-0.0203 Ln(x) + 0.6102  y=-0.1803 Ln(x) + 1.5923
R%=0.920 R?=0.744 )
+15
0.61 |
= 058 | T1
S
[}
=}
o
Q_. 4
>
) |
0.55 + 105
0.52 . t L } L 0
0 20 40 60

Citric acid (%)

Fig. 6. Effect of CA on the exponent indicating the release mechanisjraf 0 mg 4-AP from 200 mg-HPMC/CA matrices that dissolve
first in 0.1N HCI and thereafter in phosphate buffer pH 7.4.

Matrices that dissolve in phosphate bufféalfle 4
exhibit release profiles closer to apparent zero-order
kinetics because of the higher matrix hydration. This
higher matrix hydration was obtained by matrices 80-30
maintained for 3h in 0.1N HCI prior to drug release
in phosphate buffer began. 90!
Fig. 7 shows the calculated response surface for
4-AP dissolution as a function of time and the matrix
CA content. This surface discloses the range of pos-
sibilities of modulating the sustained release of 4-AP
from 200 mg matrices made of HPMC with different
proportions of CA, when dissolved in 0.1N HCI.
Similar statements, as above-mentioned, can be
applied to 4-AP release from 300mg HPMC/CA
matrices. As can be seen Tables 5 and 6the big-
ger matrix size (300 mg), for a given drug quantity
(20mg), produces a greater release restriction. This
means higher exponemt values and corresponding o
smaller release constant valuggg. 8 depicts the Citric acid (mg/tab.)
4-AP release from HPMC/CA matrices, as a function Fig. 7. Calculated response surface for the 4-AP (20 mg) release

of time and CA proportion. The higher drug release from 200mg HPMC matrices containing different proportions of
restriction obtained with 300 mg matrices allows a CA, matrices dissolving in 0.1N HCI.

604

4-aminopyridine (%)

304

T2}
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5
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Table 6 ¢ HPMC-HCI 0.IN o HPMC-pH 7.4 0 200-HCI-CA
Regr_essmn parameters qf 4-AP d|ssolut|on_ curves from HPMC/CA 200-pH 7.4-CA @ 300-HCI-CA o 300-pH 7.4-CA
matrices (300 mg), in their second part, using phosphate buffer pH

7.4 as dissolution medium and covering the time from hour 3 to y = -0.1449Ln(x) + 0.037
hour 8 R*=0.9703

CA (%)  Slope ) Intercept r? k ¢

T3

5 2.6704 —17.8216 0.902 1.820E 08
10 2.5273 —16.8002 0.901 5.056E 08
15 2.4497 —16.1089 0.900 1.009E 07 1a
20 1.4809 —10.3862 0.932 3.086E 05
25 1.4127 —9.0670 0.977 1.154E- 04 |

IN(M¢/Ming) = In(k) +nIn(t), n = —0.8191ICA) +4.211,r% = g
0.730; k = 0.000005232CA+ 0.00004919,2 = 0.685.

Exponent ()

better analysis of the CA loading effect on the 4-AP
release rate and the mechanism controlling the release °: \ _ ]
processFig. 8 shows a lower release rate associated “'Ja‘q’i“’?‘j ° |
to a smaller degree of curvature of the 4-AP release =~ ~ . 4
profiles with a decreasing CA loading. R
3.4. Effect of the drug release restriction on the 0 0.08 0.16 0.24
mechanism controlling the release process Release constant (k)

_ . Fig. 9. Relationship between the release const&htaqd the
Every restriction of drug release obtained through & exponent indicative of the release mechanisidf 4-AP from

change in the matrix CA content, through an increase matrices containing HPMC and CA.
in the total polymer content or through a change in

drug solubility by changing the release medium pro-
8 30-60 060-90 duces the effect of increasing the exponemalues.
The release mechanism moves in the direction of a
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n. It can be observed that as the release constant
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diffusion, in the direction of a release mechanism
controlled by relaxation/erosion. This logarithmic re-
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