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Abstract

The purpose of the current study was to investigate the physicochemical properties of melt-extruded dosage forms based ol
Acryl-EZE® and to determine the influence of gelling agents on the mechanisms and kinetics of drug release from thermally
processed matrices. Acryl-EZHs a pre-mixed excipient blend based on a methacrylic acid copolymer that is optimized for
film-coating applications. Powder blends containing theophylline, Acryl‘EZ#ethyl citrate and an optional gelling agent,
MethoceP K4M Premium (hydroxypropyl methylcellulose, HPMC, hypromellose 2208) or CardpidP (carbomer), were
thermally processed using a Randcastle single-screw extruder. The physical and chemical stability of materials during process:
ing was determined using thermal gravimetric analysis and HPLC. The mechanism of drug release was determined using the
Korsmeyer—Peppas model and the hydration and erosion of tablets during the dissolution studies were investigated. The excipien
blends were physically and chemically stable during processing, and the resulting dosage forms exhibited pH-dependent disso
lution properties. Extrusion of blends containing HPMC or carbomer changed the mechanism and kinetics of drug release from
the thermally processed dosage forms. At concentrations of 5% or below, carbomer was more effective than HPMC at extending
the duration of theophylline release from matrix tablets. Furthermore, carbomer containing tablets were stable upon storage for
3 months at 40C/75% RH. Thus, hot-melt extrusion was an effective process for the preparation of controlled release matrix
systems based on Acryl-EZE
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction et al., 2003; Shah et al., 1993n contrast, the car-
bomers are anionic, high molecular weight polymers

Controlled delivery of bioactive agents is a major of acrylic acid and have been used in tablet formu-

focus of pharmaceutical research since multiple dosing lations to produce zero-order or near zero-order drug

regimens often present problems with patient com- release kineticsGapan et al., 1989; Perez-Marcos et

pliance, toxicity and therapeutic indexsd¢od and al., 1991.

Panchagnula, 2003Polymeric drug carrier systems The purpose of the current study was to investigate

have been widely studied to sustain, modify or target the physicochemical properties of melt-extruded cylin-

drug delivery. Hot-melt extrusion (HME) of thermo-  drical rods, tablets and pellets containing an enteric

plastic polymers is one method that has been usedcoating system based on methacrylic acid copoly-

to produce a variety of controlled release dosage mer type C and to determine the influence hydrox-

forms, including pellets, granules, tablets, supposi- ypropyl methylcellulose (HPMC, hypromellose 2208,

tories, transdermal systems and ophthalmic inserts MethoceP K4M Premium) and carbomer (Carboffol

(Breitenbach, 2002; Zhu et al., 2002; McGinity and 974P) in these extrudates on the mechanisms and kinet-

Zhang, 2003 ics of theophylline release. The physical and chemical
Young et al. investigated the pH-dependent drug stability of materials was studied using thermal gravi-

release properties of melt-extruded bead matrices con-metric analysis and HPLC. The mechanism and kinet-

taining the acrylic copolymer Eudra§itPreparation  ics of drug release were investigated using model fitting

4135 F {Young et al., 2008 These systems con- and matrix hydration and erosion studies.

trolled drug release in media where the polymer was

insoluble, however, the influence of excipients on

drug release was not investigated. Acryl-EZ5 a 2. Materials and methods

pre-mixed excipient blend optimized for enteric film-

coating that is based on methacrylic acid copolymer 2.71. Materials

type C (Eudrag® L 100-55). The polymer is insolu-

blein acidic mediaand dissolves step-wise atpH values  Acryl-EZE® was donated by Colorcon (West Point,

greater than 5.5. Furthermore, Acryl-EZB anexcel-  PA). Anhydrous theophylliine, anhydrous citric acid
lent candidate for thermal processing since the polymer and glacial acetic acid were purchased from Spec-
is pre-plasticized with triethyl citrate. trum Chemical (Gardenia, CA). CarboBd®74P (car-

Mixtures of polymers, particularly cellulose ethers, bomer) and Methoc&K4M Premium (hydroxypropyl
are useful in regulating the drug release properties of methylcellulose, HPMC) were provided by Noveon
dosage formsRose-Vilarnovo et al., 2004In matrix (Cleveland, OH) and Dow Chemical (Midland, Ml),
tablets, polymer mixtures modify drug release rate by respectively. Triethyl citrate (TEC) was donated by
producing gel barriers of varying consisten8ug et Morflex (Greensboro, NC). Acetonitrile was purchased
al., 1996; Vazquez et al., 1996 his effectis oftendue  from EM Science (Gibbstown, NJ). All powdered
to interactions between the excipients that modify the materials were passed through a 30 mesh screen prior
matrix viscosity and/or polarity as well as the internal to processing.
structure of the tablet through which the drug must
diffuse (Alvarez-Lorenzo et al., 1999, 20p1 2.2. Thermal analysis of materials

Matrix systems containing hydrophilic polymers
have been widely studied since drug release fromthese  Thermal gravimetric analysis (TGA) was performed
matrices is controlled by a combination of polymer using a Perkin-Elmer (Norwalk, CT) 7-Series Thermo-
swelling, erosion and diffusion through the hydrated gravimetrical Analyzer. The temperature ramp speed
gel (Di Colo et al., 200 Hydroxypropylmethyl cel-  was set at 106C/min, and the percentage weight loss of
lulose (hypromellose) polymers are linear non-ionic the sampleswas monitored from 25 to 6@0 Volatiles
cellulose ethers and have been extensively studiedwere removed from samples by storing powders under
regarding both mechanistic and technological factors vacuum with desiccants at 28 for 72 h prior to ther-
involved in drug release=ord et al., 1991; Mahaguna mal studies.
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2.3. Melt-extrusion of dosage forms were pre-filtered through a Odn membrane (Gel-
man Laboratory, GHP Acrodisc) to remove insoluble
The hot-melt extruded formulations consisted of excipients. An auto sampler (Model 717 plus) was
theophylline, Acryl-EZE®, TEC and an optional used to inject 1Q.L samples, and the data were col-
gelling agent, HPMC or carbomer. The powders were lected and integrated using Empo®e¥ersion 5.0
blended for 5min in a V-shell blender and then mixed software. The columnwas an Alltech Inert8llODS-3
with TEC using a ceramic mortar and pestle. The 3um, 150 mmx 4.6 mm, and the mobile phase con-
blends (250 g) were then extruded using a Randcastletained a mixture of water:acetonitrile:glacial acetic
Microtrude RCP-0750 (Cedar Grove, NJ) single- acid in volume ratios of 845:150:5 and 1.156 g/L of
screw extruder. The extruder was equipped with a sodium acetate trihydrate. The retention time of the
Nitralloy 135M screw (3:1 compression ratio with theophylline was approximately 3.6 min. Linearity was
flight configuration containing feed, compression and demonstrated from 1 to 100 mg/mk?E 0.998) and
mixing sections). The temperature of the extruder bar- the relative standard deviation of six injections was less
relzones and die were set as follows using external tem- than 1%.
perature controllers: Zone 1=9Q, Zone 2=95C,
Zone 3=110C and Die=115C. A 6 mm cylindri- 2.5. Analysis of dissolution data
cal die and a screw speed of 20 rpm were employed for
tablet production. The cylindrical extrudateswereman- ~ The mechanism of drug release from cylindrical
ually cut into tablets weighing approximately 250 mg. rods (6 mmx 6 cm, 2.5g) during dissolution investi-
For pellet productions, a 1.2 mm cylindrical die and gations in 0.1N HCI or pH 6.8 PBS was determined
a screw speed of 10 rpm were employed. After exiting using Eq.(1), the Korsmeyer—Peppas model:
the die, the polymeric strand was fed into a Randcastle
Pelletizer RCP-2.0 and uniformly cut into cylindrical
pellets. A 75 g sample of pellets was then transferred Moo
into a Caleva Model 120 Spheronizer (Dorset, UK) whereM, corresponds to the amount of drug released
that was maintained at 60-7G using a Milwauke&" in time ¢, My, the total amount of drug released at
Model 1220 (International Tool Corporation; Davie, infinite time,a a constant incorporating structural and
FL) heat gun. A detailed description of the hot-melt geometric characteristics of the drug dosage form, and
extrusion and spheronization process was reported earn is the release exponent. Drug release data where
lier (Young et al., 200R The pellets were spheronized M,/M,, < 0.6 were employed for determination of the
for approximately 15 min. release exponent.

t

= at" Q)

2.4. Invitro drug release studies 2.6. Hydration/erosion studies

Dissolution studies were performed according to  The hydration and erosion of melt-extruded tablets
Apparatus 2 guidelines (paddle method) of USP 27 ina (250 mg) were studied in either 0.1N HCI or pH 6.8
Van Kel VK7000 Dissolution Tester equipped with an PBS under conditions identical to those described
auto sampler (Model VK 8000). The medium (900 mL) above for dissolution testing. Tablets were carefully
was maintained at 37T and agitated at a speed of removed from the dissolution vessel at predetermined
50rpm. Complete drug release was determined after time-points, and the wet weight was measured. The
mixing the vessel contents with a homogenizer for dosage forms were then dried at&5in a vacuum with
5min. The enteric dissolution properties of tablets were desiccants for 7 days, and the remaining dry weight was
studied using dissolutiontesting for2hin0.1NHClfol-  determined gravimetrically. The percent hydration and
lowed by testing in pH 6.8 phosphate buffered solution mass remaining of tablets were calculated according to

(PBS, 50 mM). the following equations:

Samples were analyzed for drug content using a
Waters HPLC system equipped with a photodiode array oshydration= 100 (WZ_W3> 2)
detector (Model 996) extracting at 281 nm. Samples W3
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W3

%mass remaining:= 100 () 3)
W1
whereW; is the initial dry weight of the table®/, the
wet weight, and¥3 is the remaining dry weight after
dissolution testing. Three tablets were used for each

time-point.

3. Results and discussion

Matrix tablet formulations based on Acryl-EZE
were prepared by hot-melt extrusion using the ingre-
dients listed inTable 1 All formulations contained
20% theophylline based on the total formulation weight
and 25% TEC based on the weight of Acryl-EZE
Although Acryl-EZE® contains TEC, additional plas-
ticizer facilitated melt processing by decreasing torque,
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Fig. 1. Thermal gravimetric analysis of formulation components.
Key: (A) Acryl-EZE®; (B) Carbopol 974P; (C) Theophylline; (D)
Methocef K4M Premium.

from 90 to 115C. Acryl-EZE® exhibited a transi-
tion in the thermogram at approximately 1°40. A

processing time and pressure at the die. The concen-blend of Eudrag® L 100-55 and TEC also exhib-

trations of the gelling agents studied were 2.5, 5 and
10%. The formulations containing HPMC required

ited a weight loss at this temperature, whereas the
weight of Eudragf® L 100-55 alone remained con-

more drive amps and created higher pressures at the dieStant at temperatures below 20. Thus, the transi-
when compared to the other blends. Furthermore, the tion in the thermogram of Acryl-EZE at 170°C was

mixture containing 10% HPMC could not be extruded

due to the loss of TEC. Although TGA provides a

using the processing temperatures and plasticizer levelsworking temperature range, additional techniques are

employed in the current study.

3.1. Thermal stability of materials

The thermal stability of materials was studied using
TGA and HPLC. TGA is useful for determining the

maximum processing temperatures since this method

indicates thermal stability by measuring weight loss
due to decomposition as a function of temperature.
As seen inFig. 1, formulation components did not

demonstrate weight loss at the processing tempera-

required to fully characterize the chemical stability of
materials. The chemical stability of theophylline after
HME was verified using a USP reversed-phase HPLC
method.

3.2. Drug release studies

Melt-extruded matrix tablets based on Acryl-EZE
exhibited pH-dependent theophylline release. As seen
in Fig. 2, the melt-extruded tablets released approxi-
mately 10% drug after 2 hin 0.1N HCI. Approximately

tures used in the extrusion experiments which ranged 75% drug was released after 4 h, which included 2 h in

Table 1
Percent compositions of formulations for melt-extrusion

Component Formulation

1 2 3 4 5 6
Theophylline 20 20 20 20 20 20
Acryl-EZE 64 62 60 62 60 56
Triethyl Citrate 16 155 15 155 15 14
Methocel K4M - 25 5 - - -

Premium

Carbopol 974P - - - 25 5 10

the acidic media and 2hin pH 6.8 PBS. The rapid drug
release rate observed in the pH 6.8 medium was due
to the pH-dependent solubility properties of the matrix
polymer, Eudragft L 100-55, which is an essential
component of Acryl-EZE. The anionic methacrylic
acid copolymer is widely employed for pH-dependent
drug delivery applications since it solubilizes in aque-
ous media above pH 5.5.

It can also be seen iRig. 2 that the addition of
HPMC to the melt-extruded matrix tablet increased
theophylline release in 0.1N HCI. Since Eudr&git
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Fig. 2. Influence of Methoc® K4M Premium on the theophylline Fig. 3. Influence of Carbopol 974P on the theophylline release prop-
release properties of melt-extruded Acryl-EZHEablets (paddle erties of melt-extruded Acryl-EZE tablets (paddle method, 2 h in
method, 2h in 0.1IN HClI followed by 8h in pH 6.8 PBS, 900mL,  0.1N HCI followed by 22 h in pH 6.8 PBS, 900 mL, 3€, 50 rpm,
37°C, 50rpm,n=6). Key: (@) 0%; (W) 2.5%; (&) 5%. n=6). Key: (@) 0%; (@) 2.5%; () 5%; (x) 10%.

L 100-55 is insoluble in this acidic medium, the isduetoentanglementoflinear polymerchains, andthe
hydrophilic polymer changed the drug release rate by gel layer erodes as the chains of the hydrophilic poly-
increasing drug diffusivity in the matrix. The amount mer dissolve. Carbopol hydrogels does not erode in the
of drug released during the first 2 h of dissolution test- same manner as HPMC hydrogels since the former is
ing increased with increasing HPMC concentration. water insoluble due to chemical crosslinking.
Pollock and Balwinski (2000pbserved that HPMC The theophylline release profiles of carbomer con-
accelerated drug release from a delivery system con-taining tablets did not appear to be influenced by
taining an insoluble polymer by swelling and open- changes in the medium pH during enteric dissolution
ing channels through which dissolution medium could investigations. However, dissolution studies at pH 1.0
enter the core. or 6.8 without media changes revealed that the matrix
Although HPMC was a porosity modifier in 0.1N tablets exhibited pH-dependentdrug release properties.
HCI, the high molecular weight polymer decreased the The formulation containing 2.5% carbomer released
rate of theophylline release in the pH 6.8 medium. approximately 68 1.4% theophylline after 10h of
At pH 6.8, where Eudragh L 100-55 is soluble, the  enteric dissolution testing. In pH 1.0 and 6.8 media,
hydration of the HPMC present in the matrix further the level of drug released after 10 h wasi52.0 and
decreased the rate of theophylline release due to the83+ 5.3%, respectively (ANOVAz =6,p <0.05). The
formation of an entangled gel network that reduced the higher percentage of theophylline released at pH 6.8
erosion rate of the tableG@o et al., 1996; Nellore et  was due to the more rapid hydration and neutralization

al., 1998; Maggi et al., 1999 of the carboxy vinyl polymer that occurs at pH 6.8.
The influence of carbomer on the theophylline The dissolution profiles of the tablets containing 5 or
release rate is illustrated iig. 3. Like HPMC, car- 10% carbomer, which exhibited complete drug release

bomer increased drug release in the acidic medium by after approximately 14 h, were not significantly differ-
increasing matrix permeability due to polymer swelling ent as illustrated irFig. 3 (f1 =5, f =81). Generally,
and erosion from the tablet. However, carbomer sig- dissolution curves are considered equivalent when dif-
nificantly reduced the rate of theophylline release in ference valueg{) are less than 15 and similarity values
the pH 6.8 medium when compared to HPMC due to (f2) are greater than 50Cgnter for Drug Evaluation

an increase in the magnitude and rate of swelling of and Research, 199 7/However, the matrices contain-
individual polymer hydrogels at pH 6.8. The increased ing 2.5% carbomer significantly extended the duration
swelling decreases the size of channels between theof drug release. Complete theophylline release was not
polymer hydrogels and reduces drug diffusivity in the obtained until approximately 20 h of dissolution test-
matrix. Additionally, the gel network formed by HPMC  ing.



C.R. Young et al. / International Journal of Pharmaceutics 301 (2005) 112—120 117

100 3.3. Mechanisms and kinetics of drug release

75 The mechanism of drug release from matrices
/ containing swellable polymers is complex and not
50 completely understood. Some systems may be clas-
///// sified as either purely diffusion or erosion con-
25 trolled, while most systems exhibit a combination
of these mechanismsSiepmann and Peppas, 2001
The Korsmeyer—Peppas model is used to analyze
0 1 2 3 4 5 drug release from pharmaceutical dosage forms when
Time (h) the release mechanism is not well known or when
more than one type of release phenomena is involved
Fig.4. Influence of Carbopol 97;; on the theophylline release Prop- (Korsmeyer et al., 1993 The exponent, termed the
e AT P (Gaate o6, 211 release exponent analue, was studied Hyeppas and
n=6). Key: @) 0%; (W) 2.5%; (&) 5%; (x) 10%. coworkers (1985fo characterize different drug release
mechanisms from thin films. They noted that profiles
with n=0.5 exhibited a drug release mechanism con-
Unlike the results of HPMC containing tablets, trolled by Fickian diffusion, while drug release rate was
increasing the concentration of carbomer did not extend independent of time and controlled by a swelling mech-
the duration of drug release. This finding is likely due anism whem=1. A zero-order release mechanism is
to the differences in the swelling properties and the also known among polymer scientists as case-lIl trans-
ionic nature of the polymeric additives. The swelling port. Values of: between 0.5 and 1.0 were regarded as
of HPMC is not influenced by medium pH, whereas an indicator for the superposition of both phenomena,
the swelling of carbomer hydrogels increases with pH, and the drug release mechanism was termed anomalous
reaching a plateau in the pH range of 5-10. Carbomer (non-Fickian) transport.

% Theophylline Released

polymers swell significantly due to ionization of car- The values of: for cylindrical systems were later
boxylate groups (F; 6.0+ 0.5) on the polymer back-  determinedRitger and Peppas, 1987 =0.45 (Fick-
bone Bulletin 17, 2002. ian diffusion), 0.45%<0.89 (anomalous transport)

As illustrated inFig. 4, Carbopol 974P also sig- andn=0.89 (case-ll transport). Furthermore, when
nificantly influenced the drug release properties of determining the: exponent, only the portions of the
melt-extruded beads. Drug release rate increased in therelease curve wheréf,/M, <0.6 should be used.
pH 1.0 medium and decreased in the pH 6.8 medium Another commonly overlooked requirement is that
upon addition of the polymer. However, unlike the find- drug release occurs in a one-dimensional way, thus the
ings of dissolution investigations of matrix tablets, car- length to width ratio of the device must be at least 10
bomer only extended theophylline release for approxi- (Costa and Lobo, 2001
mately 1 h longer than the melt-extruded beads without ~ Drug release data from the dissolution investigations
the polymeric additive. Furthermore, the beads con- of cylindrical rods (0.6 crmx 6.0 cm) in either pH 1.0
taining 2.5% carbomer did not exhibit a significantly or 6.8 medium were used for model fitting. As illus-
extended dissolution profile when compared to the trated inTable 2 dissolution data fit the model well
beads containing 5 or 10% of the polymer. The rapid as a correlation coefficient%) greater than 0.99 was
release of theophylline was due to the high surface obtained in all cases. The systems without a swelling
area to volume ratio of beads. Other researchers haveagent approached a release mechanism described by
noted that matrix geometry significantly influences Fickian diffusion in 0.1N HCI and exhibited primar-
drug release rates from systems containing swellableily case-Il transport (zero-order release) in pH 6.8
polymers Katzhendler et al., 1997; Siepmann et al., PBS. The difference in release mechanism as a func-
2000. Matrix tablets were employed for model fitting  tion of medium pH was a result of the pH-dependent
and hydration/erosion studies since they exhibited a solubility properties of Eudradit L 100-55 in
longer duration of drug release. Acryl-EZE®.
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Table 2 100 .
Korsmeyer—Peppas model fitting of dissolution data from cylindrical /45
melt-extrudates (dimensions: 6 mu6 cm, paddle method, 900 mL, 80 T

37°C, 50 rpm,1 = 6) /

Percent additive 0.1N HCI pH 6.8 PBS S 60

e
2 n 2 n QO_J 40 [
0 0.9995 0.47 0.9987 0.84 M
 —

Methocel K4M 20 j\' \
2.5 0.9987 0.49 0.9997 0.80 0 I,
5 0.9997 0.55 0.9993 0.72 0 1 > 3 4 5 5 7 8

Carbopol 974P Time (h)

25 0.9985 0.51 0.9992 0.60
5 0.9970 0.53 0.9996 0.61 Fig. 5. Influence of 2.5% Methoc®IK4M Premium on the hydra-
10 0.9973 0.54 0.9994 0.64 tion, erosion and drug release properties of melt-extruded Acryl-

EZE® tablets (paddle method, 2h in 0.1N HCI followed by 6 h in
pH 6.8 PBS, 900 mL, 37C, 50 rpm, hydration/erosiom:= 3, drug
releasen=6). Key: (@) hydration; @) mass remaining;&) theo-

The tablets containing 2.5% HPMC or carbomer , jjine released.

also exhibited near Fickian diffusion controlled release

in 0.1N HCI, but an anomalous (non-Fickian) diffu- hydration, mass remaining and drug release profiles
sional mechanism became apparent as the concentrafor tablets containing 2.5% HPMC. The results indicate
tion of the gelling polymers increased. The additives that drug release was primarily diffusion controlled in
resulted in an anomalous mechanism of drug release byp. 1N HCl as there was minimal hydration or erosion of
increasing drug diﬁUSiVity in the matrix in the medium the matrix. When the medium was Changed to pH 6.8
where Eudragft L 100-55 was insoluble. The release  pBS, the diffusional exponent)increased to 0.80 as a
exponent ranged from 0.64 to 0.80 in pH 6.8 PBS for result of significant tablet erosion. The low concentra-

all HPMC and carbomer containing extrudates. Thus, tion of HPMC formed a gel with insufficient strength
theophylline release fromthese matrices was controlled to maintain the matrix structure upon dissolution of

by a combination of matrix erosion and diffusion of the - Eudragif L 100-55.

drug in the hydrated polymer matrix. . As illustrated inFig. 6, extrude matrix tablets con-
Although the mechanism of theophylline release taining 2.5% carbomer exhibited less hydration in the

was pH-dependent, the overall kinetics of drug release 0.1N HCI when compared to the pH 6.8 medium.
from melt-extruded tablets containing 2.5, 5 or 10%

carbomer were near zero-ordef £ 0.9844, 0.9884 250
and 0.9917, respectively) during enteric dissolution
testing. Zero-order release kin nets would not be 200
expected since Acryl-EZE contains met acrylic acid
copolymer type C. The HPMC containing tablets 150 /

1008

50 —-—y

H—’!\.\l

Percent

exhibited a biphasic drug release profile during enteric
dissolution testing.

3.4. Hydration/erosion studies

0 2 4 6 8 10 12 14 16 18 20
The hydration and erosion of matrix tablets during Time (h)

dissolution investigations were studied to determine

the influence of geIIing agents on the mechanism of Fig. 6. Influence of 2.5% Carbopol 974P on the hydration, erosion
and drug release properties of melt-extruded Acryl-BZBblets

drug release from melt-extruded tablets. The results - e method, 2h in 0.1N HCI followed by 18h in pH 6.8 PBS,

of these studies supported the findings of fitting to goomL, 37°C, 50 rpm, hydration/erosion:=3, drug release: = 6).

the Korsmeyer—Peppas modélig. 5 illustrates the Key: (@) hydration; @) mass remaining;A) theophylline released.
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100 in matrix structure upon storage since compression and
intense mixing of molten materials during processing
results in a product with low free volum&igdokoro

and McGinity, 2001

75 %k

4. Conclusions

% Theophylline Released

: : : The current study demonstrated the applicability of
Time (h) Acryl-EZE® (a pre-mixed excipient blend optimized
for enteric film-coating) to be used in melt-extrusion
Fig. 7. Stability of theophylline release rate from melt-extruded processes to prepare controlled release systems. The
Acryl-EZE® tablets containing Carbopol 974P upon storage for 3 plend was stable during thermal processing and

mgnths aF 40C/75% RH in induction ;ealed HDPE containers With resulted in dosage forms with pH-dependent dissolu-
silica desiccant (paddle method, 2 h in 0.1N HCI followed by 8hin .. .
tion propertles.

pH 6.8 PBS, 900 mL, 37C, 50 rpm,n =6). Key: (@) 2.5%, initial; . . .
(O) 2.5%, stored: W) 5%, initial; (1) 5%, stored: &) 10%, initial; Results also illustrated the influence of the physic-

(A) 10%, stored. ochemical properties of gelling agents on the mecha-
nism and kinetics of drug release from melt-extruded
Formation of a hydrogel in pH 6.8 PBS prevented sig- dosage forms. At low concentrations, Carb&par4P
nificant matrix erosion and an apparent increase in the was more effective than Metho€elK4M Premium
drug release rate. This phenomenon also resulted inat controlling theophylline delivery in a medium
an anomalous (non-Fickian) drug release mechanism.where methacrylic acid copolymers exhibited sol-
The tablets absorbed approximately 1.5 times their ubility. These findings were attributed to chemical
weight in water after 4h in pH 6.8 PBS. The percent crosslinking nature of the polymeric additive, which
water uptake and mass loss of these tablets was stablecreated a gel network that resulted in slow erosion of
between the 8 and 20 h time points. Previous investiga- the dosage form during dissolution studies in pH 6.8
tors have also noted that carbomer forms mechanically PBS.
strong matrices at low concentrations due to the chem-
ically crosslinked structure of the polymer that swells,
but does not dissolve, in watelPérez-Marcos et al.,
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