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Abstract

The aim of the present study was to screen the effect of seven factors — POLYOX molecular Wejghhd amount X,); carbopol
(X3), lactose X4), sodium chloride Xs), citric acid ((s); compression pressur&+{) — on (1) the release of theophylline from hydrophilic
matrices, demonstrated by changes in dissolution rate, and (2) their impact on the release expordicative of the drug transport mech-
anism through the diffusion matrix. This objective was accomplished utilizing the Placket-Burman screening design. Theophylline table
were prepared according to a 7-factor—12-run statistical model and subjected to a 24-h dissolution study in phosphate buffer at pH 7.2."
primary response variabl&y,, was the cumulative percent of theophylline dissolved in 12h. The regression equation for the response we
Y,=66.2167—17.583%; — 3.3833, — 9.3663; — 1.1166(, — 0.6 1665 + 2.6X — 2.783K5. This polynomial model was validated by the ANOVA
and residual analysis. The results showed that only two facXgran(dXs) had significant effecttvalue <0.10) on theophylline release from the
hydrophilic polymer matrix. Factors(¢ andX7) had significant effectptvalue < 0.10) ons#], the exponent.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction what easier to ensure a constant drug plasma level, a treatment
based on theophylline controlled-release dosage form would not
Asthma, a chronic inflammatory disease of the central andbe optimal Bussemer et al., 2001Several diseases and body
peripheral lung airways, afflicts more than 15 million people infunctions, such as bronchial asthma show distinct daily fluctu-
the United StatedMannino et al., 1998; Busse and Lemanske,ation. Many investigations demonstrated the effect of circadian
2001). Theophylline is a prescription drug with a long history rhythms on the incidence and occurrence of bronchial asthma
as an asthma medication. As one of the first long-term bronfRobertson et al., 1990; Fitzpatrick et al., 1991; Weersink et al.,
chodilators, it has been used to treat respiratory disorders such 4897; Bender and Annett, 1999; Diette et al., 200thlefsen
bronchitis and chronic obstructive pulmonary disease (COPD)and Repges (1985pr example, reported a sharp increase in the
In recent years, theophylline had fallen out of favor with someincidence of asthmatic attacks during the early morning hours,
physicians because of concerns about the danger of toxicity fromvith a maximum occurring at 4 a.m.
having too much of the drug in the bloodstream. However, new As a result of these investigations, there was a growing inter-
discoveries about the medication’s effects on inflammation andst among clinicians in drug delivery systems that tailor drug
immune function related to asthma have renewed interestintheoelease to the circadian pattern of the disease. A therapeu-
phylline Hansel et al., 2004 tic scheme that gives consideration to diurnal variation in the
Theophylline is available in a variety of dosage forms. Whileprevalence of asthmatic symptoms should be more effective.
extended-release forms of the medication have made it somé& order to achieve this goal, it is necessary to modify current
extended-release dosage forms into chrono-relevant drug deliv-
ery platforms. A first step in this process is to illustrate how
* Corresponding author. Tel.: +1 318 342 1726; fax: +1 318 342 1737. formulation and process variables could alter drug release pat-
E-mail address: nazzal@ulm.edu (S. Nazzal). terns.
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Numerous design variations have been proposed to prdixed or eliminated in further investigation. The Placket—Burman
pare extended-release dosage forms. Polymer-based hydrophilactorial design was employed in this study to correlate depen-
matrices are considered one of the more attractive approachdsnt and independent variables using the following polynomial
to achieve controlled drug delivery. Several studies reported themodel:
impact of polymer concentration, blend consistency, diluents
osmotic agents, and processing variables such as compressi%nz Ao+ ArXy+ A2X2 + AsXa+ AaXa+ -+ A Xy
force on the physicochemical properties of hydrophilic matricesvhere Y is the responsedg the constant, and;-A, are the
(Kim, 1994; Khan and Jiabi, 1998; Zaghloul et al., 2001; Varmacoefficients of the response values. The Placket-Burman design
etal., 2004. Nevertheless, the ability to utilize formulation and analyzes the input data and presents a rank ordering of the vari-
process variables to modulate drug release from the matricesbles with magnitude of effect, and designates signs to the effects
was not adequately addressed. to indicate whether an increase in factor value is advantageous

Drug release from hydrophilic matrices rely on balancedor not Murray, 1994.
swelling and erosion of the polymer, thereby providing both
Fickian [n ~ 0.5] or non-Fickian release kinetics [0.z<1] 2.3. Release exponent estimation
(Conte et al., 1993; Kim, 1994; Yang and Fassihi, 19%9&|
is defined as the release exponent indicative of the transport Release exponent) values were estimated by fitting dis-
mechanism and could be estimated from the following modebolution data to the following Peppas modéb(smeyer et al.,

(Korsmeyer et al., 1983; Peppas and Sinclair, 3983 1983; Peppas and Sinclair, 198&ing JMP IN statistical soft-
M, ware, Version 5 (SAS Institute Inc., NC):
log =1ogK + n log? M
Moo log—- =logK + n logs
whereM,/M, is the fractional drug releasetthe release time, 00
K the constant, and is the release exponent indicative of the  These values provide a numerical estimation of the drug trans-
release mechanism. port mechanism. Whem] approximates 0.5, drug release is

Data reported in this study address the argument whethejoverned by the square root of time kinetics where drug dif-
modification in formulation or process parameters during theusion is accomplished via fluid-filled channel&aftzen and
preparation of hydrophilic matrices have an impact on the rat®obinson, 2002 When ] equals to 1, the mechanism of drug
and profile of drug release. Therefore, the objective of this studyransport is governed by diffusion via the polymer layer itself,
was to screen the effect of seven factors — POLYOX concentrawhich is characterized by a constant drug release rate (zero-
tion and molecular weight; carbopol, lactose, sodium chlorideprder release). The third case, when 0.5]<[1, indicates an
citric acid concentrations; compression pressure — on (1) thanomalous drug release mechanism.
release of theophylline from hydrophilic matrices demonstrated
by changes in the dissolution rate, and (2) their impact on the.4. Tablet preparation
release exponent]indicative of the drug transport mechanism

through the diffusion matrix. Tablet ingredients, as defined by the statistical design, along
with theophylline were passed through a standard US sieve

2. Materials and method number 22 and mixed in a Turbula blender (T2A No. 690994,
Switzerland) for 10 min. Blends were accurately weighed and

2.1. Materials manually fed into a single-station tablet press (Enerpac press

model MTCM-1, New Brunswick, NJ). Tablets were com-
Theophylline was a gift from the BASF Corp. (Mount Olive, pressed at the specified compression force using 10.3-mm
NJ). Polyethylene oxide (POLYOX) WSR 205 and 303—NF concave-faced punches. Each tablet contained 100 mg of theo-
grades were supplied by DOW chemical company (Midlandphylline.
MlI). Carbopol 71 NF was provided by Noveon Inc. (Cleveland,
OH). Pharmatose, DCL 14 was obtained from DMV Interna-2.5. Dissolution studies
tional (Netherlands). Chemicals and raw materials were used as

received without further processing. Tablet batches were subjected to a dissolution study at
37+ 0.5°C. Dissolution experiments were performed using dis-
2.2. Experimental design solution apparatus Il (paddle method) at 50 rpm in 900 mL of

pH 7.2 phosphate buffer (VK 7000, Varian Inc., Cary, NC).
Screening designs are commonly used when little is knowrsamples (3 mL) were withdrawn at predetermined time inter-
about a system or process. These designs, in general, are a fraals, filtered and analyzed spectrophotometrically at 270 nm
tional factorial of a 2 design that estimates main effects. They(Cary 50 probe UV spectrophotometer, Varian Inc.). Controlled-
can identify main factors from a large number of suspectedlissolution experiments showed no interferences in the UV
contributor factors for the desired response variables. Therebsorption due to excipients. Samples were replaced with fresh
fore, these designs are extremely useful in preliminary studiedissolution medium (3 mL). Experiments were performed in
where the aim is to identify formulation variables that can betriplicates, unless otherwise specified.
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Table 1 Table 3
Factors in the Placket—Burman screening design Placket—Burman screening design randomized runs and responses
Low level High level Formula Y1 Y Y3 Ya

Independent factors 1 10.5 0.67 34.2 54.1
X1: POLYOX molecular weight & 10° 7x10° 2 12.8 0.72 27.8 41.6
X2: POLYOX amount (mg) 100 300 3 4.2 0.66 79.3 100.5
X3: carbopol amount (mg) 0 50 4 10.4 0.8 31.4 67
X4: lactose amount (mg) 0 100 5 12 0.69 26.9 46.5
Xs: sodium chloride amount (mg) 0 20 6 8.9 0.77 32.9 67.4
Xpg: citric acid amount (mg) 0 5 7 10.5 0.72 28.7 52.4
X7: compression force (Ib) 1000 5000 8 7.5 0.79 46.2 94.3

Dependent factors 9 11.4 0.68 27.7 49.4
Y1: time to 50% release 10 8.4 0.73 36 708
Yo n value 11 11.4 0.67 325 47.8

12 1.3 0.49 102.8 102.8

Y3: percent amount released in 6 h
Y4: percent amount released in 12 h

polynomial equation:
3. Results and discussion Y4 = 66.22—17.58X1 — 3.38X2 — 9.37X3 — 1.12X4

. . . —0.62X5 + 2.60Xs — 2.78X7
3.1. Statistical design and analysis

The Placket—-Burman screening design was used in the The regression coefficient obtained fiif was 0.98, which
present study to evaluate the main effects of seven independeinticates that the model as fitted explains 98% of the variability
variables. The levels of dependent and independent variablesound the mean. The magnitude and direction of the factor
evaluated in this study are listed Table 1 The level of inde- coefficient in the above equation explains the nature of the effect
pendent variables was identified in preliminary experimentsof factors 1—X7) on the responsg, [percent drug released in
While the Placket—Burman design does not evaluate the interad=2 h]. Factors with coefficients of greater magnitude show a high
tion terms, it considerably reduces the number of experimentsffect on the response. The concentration of citric aXi) was
that are required to evaluate the main effects. A 7-factor—12-ruthe only factor with a positive effect on the response, whereas
Placket—Burman screening design at two levels was generatdlde remaining factorsXj—Xs andX7) had a negative effect on
using STATGRAPHICS statistical experiment design softwarehe response. The effect of factors on the response is further
(Table 9. Responses estimated inthe presentwork Wefigme  elucidated in subsequent sections.
to50% releasel;» [nvalue],Y3[percentamountreleasedin6h],  Using analysis of variance (ANOVA), the significange (
andY, [percent amount released in 12 h]. Responses and theialue < 0.10) of the ratio of mean square variation due to regres-
magnitude for each of the 12 experiments are giveTainle 3 sion coefficient and residual error was tested. The calculated

Polynomial equations were generated for each respongévalue for factors [POLYOX molecular weight] and [carbopol
[Y1—Y4]. This was critical to understand the mathematical rela-amount] are greater than the critical value (3.98), which indi-
tionship between independent and dependent variables. Polyncates a significant effect of the two factors on the response
mial equations for respons&s—Y, are listed inTable 4 Y4 [percent of drug released in 12 h]. The analysis of vari-

The relationship between study variables and the responsece of the model parameters for respoiiigeare shown in
Y4 (percent of drug released in 12 h) is given by the following Table 5

Table 2
Placket—Burman screening design with seven variables (randomized runs)

Formula POLYOX molecular POLYOX (mg) Carbopol (mg) Lactose (mg) Sodium chloride  Citric acid (mg) Compression

weight (mg) force (mg)
1 7x 108 100 0 0 20 5 5000
2 7x 10° 100 50 0 0 0 5000
3 6x 10° 100 0 0 0 0 1000
4 6x 10° 300 50 0 20 0 1000
5 7% 10° 300 50 0 20 5 1000
6 6x 10° 300 50 100 0 5 5000
7 7% 10° 300 0 100 20 0 5000
8 6x 10° 300 0 0 0 5 5000
9 7x 108 300 0 100 0 0 1000
10 6x 10° 100 50 100 20 0 5000
11 7x 10P 100 50 100 0 5 1000
12 6x 10° 100 0 100 20 5 1000
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Table 4
Regression equations of the fitted models

Y1=9.10833 +2.328; + 1.0083X> + 1.5416 X3 — 0.4583%4 — 0.2583X5 — 0.50833Xs + 0.6583X7
Y>=0.699167-0.007%; — 0.042%, — 0.03083X3 — 0.0225¢4 — 0.0158%5 + 0.019166X¢ — 0.034166X7
Y3=42.2—12.566%; —9.9X, — 10.95(3 + 1.233%4 + 1.1333%5 + 3.7166 Ks — 7.9X7

Y4=66.2167- 17.583%; — 3.383%X, — 9.366¥3 — 1.1166¢4 — 0.6166(s + 2.6Xs — 2.783K7

Table 5 Table 6

Analysis of variance fot's Analysis of variance fot,

Source Sum of squares d.f. Mean squarératio p-Value Source Sum of squares d.f. Mean squarg-ratio p-Value
X1 3710.08 1 3710.08 79.82 0.0009 X; 0.000675 1 0.000675 0.24 0.6524
X2 137.36 1 137.36 296 0.1607 X» 0.021675 1 0.021675 7.58 0.0512
X3 1052.81 1 1052.81 22.65 0.0089 X3 0.0114083 1 0.0114083 3.99 0.1164
Xa 14.963 1 14.963 0.32 0.6008 Xa 0.006075 1 0.006075 2.13 0.2186
X5 4.563 1 4.563 0.1 0.7697 Xs 0.0030083 1 0.0030083 1.05 0.3629
Xe 81.12 1 81.12 1.75 0.257 Xe 0.0044083 1 0.0044083 154 0.2821
X7 92.963 1 92.963 2 0.2302 X7 0.0140083 1 0.0140083 4.90 0.0912
Residual 185.927 4 46.4817 Residual 0.011433 4 0.00285833

Total (corrected) 5279.8 11 Total (corrected) 0.0726917 11

Standard deviation of the residuals=6.8. Explained variation about theéStandard deviation of the residuals =0.053463. Explained variation about the
mean =96.4. Mean absolute error =3.36. Confidence that the regression equaean =84.2715. Mean absolute error =0.0252778. Confidence that the regres-
tion predict the observed values better than the mean =98.2. sion equation predict the observed values better than the mean=91.7.

The regression coefficient obtained for[n value] was 0.91.  3.2. Effect of study factors on theophylline dissolution and
The analysis of variance of the model parameters is given irelease exponent [n]
Table 6 The test indicates significanp-¢alue <0.10) effect

of POLYOX amount X») and compression forcef) on the Dissolution profiles of formulations 1-6 and 7-12 are shown

responsel,. The correlation between study factors and thein Figs. 1 and 2 respectively. The percent of theophylline

responsé’ is given by the following polynomial equation: released at the end of 12 h ranged between 41.6% (formula-
tion 2) and 100% (formulation 12). Release exponght@lues

Y2 =0.70 - 0.01X1 — 0.04X> — 0.03X3 — 0.02X4 varied from 0.49 to 0.80. The effect of formulation and process

— 0.02Xs + 0.02Xg — 0.03X7 variables is further outlined in the following sections.

3.2.1. Effect of POLYOX molecular weight (X;)
Predicted values of> [n value] andYs [percent of drug The effect of POLYOX concentration and molecular weight,
releasedin 12 h] could be obtained for each of the 12 experimentt mid-level of the remaining factors, dny [percent amount
by substituting the values &f—X7 in the polynomial equations. releasedin 12 h]is shown kig. 3. Atlow loading level, increas-
Observed and predicted values, giveTable 7 were found to  ing POLYOX molecular weight from & 10° to 7 x 10° resulted
be in close agreement, which further validates the suitability ofn decreasing the percent amount of theophylline released from

the model. about 87 to 53%. At high levels of POLYQOX, the percent of theo-
Table 7
Observed and predicted values of the respongear{dY»)
Formula ) Yo
Observed value Predicted value Residual Observed value Predicted value Residual
1 54.1 61.7 7.6 0.67 0.64 -0.03
2 41.6 39 —-2.6 0.72 0.771 0.051
3 100.5 98.4 2.1 0.66 0.656 —0.004
4 67 71.7 4.7 0.8 0.771 —0.029
5 46.5 41.7 —-4.8 0.69 0.718 0.028
6 67.4 70.3 2.9 0.77 0.788 0.018
7 52.4 47.5 —-4.9 0.72 0.718 —0.002
8 94.3 91.3 -3 0.79 0.771 -0.019
9 49.4 54.3 4.9 0.68 0.681 0.001
10 70.8 70.7 -0.1 0.73 0.71 -0.02
11 47.8 47.5 -0.3 0.67 0.62 -0.05

12 102.8 100.2 —2.6 0.49 0.541 0.051
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110 1 al., 2002. On a molecular level, the snake-like motion of the
polymer chains, which is caused by water imbibition, perma-
nently changes the structure of the network. Within the network,
entangled polymer chains can either disentangle or modify their
entanglement configuration, while disentangled polymer chains
can entangleSiepmann et al., 2002

Water diffusion into the matrix results in a destruction of the
polymer network. Once the macromolecules are disentangled,
the polymer chains diffuse through the unstirred layer surround-
ing the tablet, which is characterized by a distinct polymer con-
—Formula1  —= Formula2 —& Formula 3 centration gradient. With increasing polymer molecular weight,

Percent Released

, —~Formula4 - Formua 5 &~ Formuia 6 the degree of entanglement of the macromolecules increases.
0 T T T T T T T T T T | " . . .
O 2 4 6 8 10 12 14 16 18 20 22 24 26 Thus, the cr|t|c§1I water concentration above Whl(_:h disentan-
Time (hr) glement occurs increasehi(et al., 1995, 1997In addition, the

diffusion coefficient of the disentangled polymer chains through
the unstirred layer surrounding the tablet decreases with increas-
ing molecular weight kan and Singh, 1989; Ju et al., 1995,
120 - 1997. With decreasing polymer molecular weight, the degree
110 - of entanglement of the macromolecules decreases. Thus, the
100 - mobility of the polymer chains on water imbibition increases
90 - according to the free volume theory of diffusion. The probabil-
80 - ity for a diffusing molecule to jump from one cavity into another
70 1 consequently increaseBgn and Singh, 1989

Increase in chain mobility at lower molecular weights cor-
relates well with the data observed in this study and explains
the increase in drug release. While POLYOX molecular weigh
has an apparent effect on the cumulative amount of theophylline

Fig. 1. Dissolution profile of theophylline tablet formulations (1-6) in pH 7.2
phosphate buffer media.

Percent Released

20 1 Formula7 - Formula8 - Formula9 - . ST
10 S Formuia 10 o Formua 11— Formula 12 released per unit time, it had insignificant effect on the mecha-
o nism of drug release. The effect of POLYOX molecular weight
0 2 4 6 8 10 12 14 16 18 20 22 24 26 on the release exponent indicative of the transport mechanism
Time (hr) [n] is given inTable 5 All [ n] values were calculated using the
following model Korsmeyer et al., 1983; Peppas and Sinclair,
Fig. 2. Dissolution profile of theophylline tablet formulations (7—-12) in pH 7.2 1983: 9 K y bp
phosphate buffer media. 3
M,

phylline released decreased from approximately 80 to 45% withog
increasing POLYOX molecular weight from610° to 7 x 106, 0
respectively. The effect of molecular weight on theophylline
release could be explained as follows. Water imbibition causeg,
the polymer to swell and results in decreased polymer con
centration and increased macromolecule mobiigpmann et

=logK + n logs

As shown inFig. 4, [n] values ranged from 0.73 to 0.75 at
w and high POLYOX molecular weights, respectively, which
indicates that drug release from the hydrophilic matrices follows
an anomalous drug release pattern.

-84 076 a T 1 Y2
-65.0 0.74 j'l ] _"‘"‘:’ /1 N oe4-0672
: /1 ] 1
= 072 T 7 0672-0.704
-850 o 07 / 1 L 0704-0736
> ]

-95.0 oesf /- X% 0.736 - 0.768

0.66 1

06
064 92

-0.2
-0.6

0.2 0.6 1 -1 X2

= -0.6 02
X1

Fig. 3. Response surface plot showing the effect of independent variableg;ig. 4. Response surface plot showing the effect of independent variables,
POLYOX molecular weightX1) and POLYOX amountX2) on responsés. POLYOX molecular weightX1) and POLYOX amountX>) on responsés.
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3.2.2. Effect of POLYOX amount (X>)

At low level of POLYOX molecular weight and mid-levels
of the remaining factors, increasing POLYOX content per tablet - ]
from 100 to 300mg decreased the percent of theophylline ' Y2
released from 53 to 45%-(g. 3). Apparently, as the amount of 076} et / 1 —os4-0662
POLYOX increased, the number of entangling polymer chains 074 A {_" 1 Joss2-072
and consequently entrapment of the drug inside the polymer i Y y £ 0724076
network increased, which should cause a delay in drug diffusion > o7} £ 10
from the matrix. This effect, however, was statistically insignif- - s PEEed
icant. On the other hand, the amount of POLYOX per tablet had 066 !
a significant effect on the release exponeijt p-value <0.10. 0.62

Increasing the amount of POLYOX from 100 to 300 mg per 02 02 o
tablet increased the] values from 0.65 to 0.74. Increasing the x2 '
amount of POLYOX, and thereby matrix-to-drug ratio, resultedrig. 6. Response surface plot showing the effect of independent variables, car-
in decreasing the fluid-filled channels through which the drughopol amountXs) and POLYOX amountXy) on responsés.

may diffuse and increasing the transpolymer-diffusional path-

way out the matrix. Fluid-filled channels are characteristic ofof other factors, /}] varied from 0.62 to 0.66 at low and high
the Fickian square root of time release pattern whereas trangarbopol concentrations, respectivefiyd. 6).

polymer diffusion is pertinent to the anomalous drug release

wheren>0.5. 3.2.4. Effect of lactose (X4)
Lactose had an insignificant effect on both responges (
3.2.3. Effect of carbopol amount (X3) value >0.10, [0.22 forY> and 0.60 forYy4]). The presence of

Carbopols are high molecular weight, cross-linked, acrylicvater-soluble lactose, however, had a marginal positive effect
acid-based polymers. They contain 56—68% of carboxylic aci®n Y4 [percent drug released in 12 h] as it facilitated formation
(~COOH) groups Kibbe, 2000. In a phosphate buffer at pH of channels through the polymer matrix, which enhanced water
7.2, the carboxylic groups of the polymer are highly dissoci-penetration and drug release. Similar observations on the effect
ated. The repulsion between the negatively charged carboxgf water-soluble excipients on drug release from hydrophilic
groups causes uncoiling and expansion of molecules and resufiatrices were reported in the literatukéh@n and Jiabi, 1998
in gel formation. The formed gel consists of closely packed
swollen particles, which delay drug release from the matrices3.2.5. Effect of electrolyte concentration (Xs)

This explains the significant effect of carbopol amount on the Electrolyte concentration showed a negative effect on drug
release rate of theophylline. By increasing the concentratiorelease. This effect, however, was insignificant on both responses
of carbopol from 0 to 50 mg per tablet, the gel layer at theY2 [n value] andYy [percent drug released in 12 h]. At the con-
tablet core—water interface increased in thickness, resulting igentration levels used in this study, an electrolyte present within
decreased drug released after 12 h from about 79to 5i§4g).  the polymer matrix competes for water molecules, which dehy-
These findings are in agreement with previously reported studiedrates the polymer and decreases the solubility of the incorpo-
on the effect of carbopol on drug releaéén and Jiabi, 1998  rated drug. Consequently, this results in decreased drug release
Carbopol, however, had an insignificant effect on the mechanisi{Pillay and Fassihi, 20010n the other hand, at relatively higher
of drug release. At low level of POLYOX amount and mid-level concentrations beyond those evaluated in this study, a monova-
lent salt like sodium reduces the swelling of polyacrylic acids
(Khan and Jiabi, 1998

3.2.6. Effect of citric acid (Xs)

Y4 Citric acid was added to the formulations in an attempt to
79 1 ~450-520 modulate the micro-environmental pH, which can affect car-
74' 7 4Hs20-59.0 bopol swe!ling capacity ar?d.congequently drug release. Data
i ] e show that increasing the (_:|tr|_c qqd am_ount from zero to 5mg
69F s per tablet resulted in an insignificant increase in the percent
¥ F ] %% 660-730 of theophylline released after 12 h. In addition to modulating
“E | | 73.0-80.0 micro-environmental pH, increased drug release could be due
5ok . to the water solubility of citric acid and its ability to form chan-
i 0.6 nels within the polymer matrix. Citric acid had an insignificant
54k ' effect on the release exponent (Table 5.
02 02 gg T X7
X3 3.2.7. Effect of compression force (X7)

Fig. 5. Response surface plot showing the effect of independent variables, car- Compression force had an insignificant effectiaripercent
bopol amountXs) and compression forcé&{) on responsé. drugreleasedin 12 h] but a significant effecti6rin value]. For-
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concluded from this study that in hydrophilic matrices, intended
for a 12-h sustained drug release, blends of POLYOX and car-
bopol could be used synergistically to modulate both the amount

1 v4 and rate of drug release. It is evident that when both polymers
1| | 55.0-60.0 are combined, only carbopol is responsible for modulating the
A 1\ 600650 cumulative percent of drug released in 12 h. POLYOX content

per tablet is expected to have an impact on the pattern by which

14+ 65.0-700 : L :
-H the drug is released from the matrix, i.e., from square root of time

62}

. a {3 700-75.0 kinetics to a linear zero-order release pattern, without a signif-
55 - icant effect on the cumulative amount of drug released. This
0.6 F . . .. I .

02 35 et =5 -1 observation should be valuable in a clinical setting when adjust-
X7 e 08 Y g

ment in the pattern of drug release is desired without a change
Fig. 7. Response surface plot showing the effect of independent variables, citrl€! the cumulative amount released. Diluents, e|ECtr_O|y_teS_v_and
acid amountXe) and compression forcé) on responsé’. buffers, on the other hand, are expected to have an insignificant
or marginal effect on both responses, assuming they were within
the limits used in this study.
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