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ABSTRACT

Objective: The study aims to investigate the effects of combining Ethyl Cellulose (EC) and Xanthan Gum (XG) matrix on the physical properties
dissolution profiles and determine the optimal formula for sustained-release theophylline tablets.

Methods: We used the Design Expert 13 software with the Simplex Lattice Design (SLD) models EC (A) and XG (B) to obtain the sustained release
tablet formula of theophylline, which yielded seven formulas: F1 (80:120), F2 (110:90), F3 (120:80), F4 (90:110), F5 (100:100), F6 (120:180), and
F7 (80:120). Granule evaluation included flowability rate, angle of repose, and compressibility index. Tablet evaluation included weight uniformity,
hardness, friability, uniformity of content, and dissolution rate.

Results: The physical properties of granules and tablets from the optimal formula showed that all test parameters met the standards. The granule
flow rate was 11.98 g/sec, angle of repose 33.65, compressibility index 13.36%, tablet weight uniformity (%CV) 0.40%, tablet hardness 15.18, tablet
friability 0.36%, content uniformity 98.03%, dissolution rate 11.30 mg/h. The effect of XG was more dominant in improving flow properties, angle
of repose, compressibility index, weight uniformity, hardness, content uniformity, and dissolution rate. On the contrary, the more dominant EC
could increase tablet friability and sustained drug release from the matrix.

Conclusion: The optimal formula for theophylline sustained-release tablets contains a combination of EC: XG ingredients with a concentration of

107.03:92.97 mg, respectively, with a desirability value of 0.507.
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INTRODUCTION

Theophylline is one of the asthma drugs (with water-soluble
properties, and the common dose is relatively small, ranging from
130 to 150 mg [1]. However, the therapeutic index of theophylline is
narrow, ranging from 5 to 20 g/ml and has a relatively short
elimination half-life. This makes the drug more suitable for
formulation into sustained-release dosage form so that the release of
the drug can be slower and more controlled. Sustained-release
dosage form can keep the drug concentrate on in the blood stable for
an extended period of time [2]. The sustained-release dosage form
formulation of the theophylline compound is expected to prolong
the release of the drug so that the level of the drug in the blood is
more uniform and the effects of the drug are within the therapeutic
range [3]. The drug given in sustained release has slowed drug
release into the blood, meaning blood levels remain stable and drug
release lasts longer [4]. While novel drugs are not the only means of
treating asthma, they can be more beneficial and effective by
modifying polymers and other materials, using existing drugs in
novel ways, and treating asthma with them [5]. The formulation of
the sustained-release dosage form is made using a specific system so
that the drug can release its active substance slowly but will still
have the expected therapeutic effect. Matrix systems are often
applied to manufacture sustained-release tablets because they are
the simplest systems [6]. The hydrophobic matrix generally releases
a drug by forming a gel and expanding, then dissolving [7]. The
hydrophobic matrix releases the drug by allowing the fluid to enter
the pores of the matrix and diffuse out [8]. Ethyl Cellulose (EC) is a
hydrophobic cellulose derivative matrix that can inhibit the drug's
release into the blood by forming a gel layer to hold the drug in the
matrix [9]. In addition, its hydrophobic nature also allows it to
control the drug release and maintain it for 12 h by preventing water
from penetrating into the matrix [10]. Xanthan Gum (XG) is a
hydrophilic matrix because it is easily hydrated, so it will proliferate
in the drug and control the release [11]. The use of the single ethyl
cellulose matrix in late-release tablet formulation has already given

a fairly good drug release pattern, but ethyl cellulose has low
solubility, so its penetration is poor [12]. Hydrophilic polymers,
when combined with hydrophobic polymers, can produce an optimal
formula [8]. The concentration of polymers showed a great effect on
the release of the drug as the concentration of polymer increased,
the release of the drug decreased [13]. The experimental design
approach used for the type of tablet preparation, which has unique
and significant quality characteristics, forms the basis of the
formulation design strategy [14]. The combination of the two
matrices EC and XG is expected to produce a sustained release and
produce a sustained release tablet that has the physical properties
that meet the requirements.

MATERIALS AND METHODS
Materials

This study used an analytical balance (Ohaus), a 12 mesh sieve, an
oven (Memmert), a volumenometer (Dual Tape Density), a stainless
funnel measuring flow properties, a stopwatch, a single punch tablet
machine (Korsch EK-0), a LIH-1 hardness tester (Vanguard
Pharmaceutical Machinery, Inc. USA), a LIC-2 friability tester
(Vanguard Pharmaceutical Machinery, Inc. USA), an RC-6D
dissolution tester (Vanguard Pharmaceutical Machinery, Inc. USA), a
UV-Vis spectrophotometer (Shimadzu UV-1280), and a pH meter
(Ohaus Starter 3100). The materials used in this study were
pharmaceutical-grade theophylline, ethyl cellulose, xanthan gum,
magnesium stearate, lactose, polyvinyl Pyrrolidone (PVP), and CO2-
free distilled water.

Theophylline sustained-release tablet formulation

This study's different treatment was combining two EC and XG
matrices with upper and lower limits. The limit range of each
ingredient determined the limits of these two matrices according to
the existing literature. The delivery matrix for the sustained-release
tablet should have EC concentrations between 3-20% [15]. The EC
and XG amounts at the upper and lower limits are shown in table 1.


https://orcid.org/0000-0003-4564-1779
https://orcid.org/0009-0000-9491-3262
https://orcid.org/0000-0002-2263-6507

S. Suprapto et al.

Int ] App Pharm, Vol 17, Issue 3, 2025, 270-282

Table 1: Upper and lower limits of matrix concentration

Concentration Name Low Upper
A [mixture] Ethyl cellulose 80 mg 120 mg
B [mixture] Xanthan gum 80 mg 120 mg

Notes: Total weight of the two matrices = 200 mg

Table 2: Results of formula design according to design expert v.13 with simplex lattice design method

Formula Runs Actual (mg) Coded

EC XG EC XG
1 1 80 120 0 1
2 2 110 90 0.75 0.25
3 3 120 80 1 0
4 4 90 110 0.25 0.75
5 5 100 100 0.5 0.5
6 6 120 80 1 0
7 7 80 120 0 1

Table 3: Theophylline sustained release tablet preparation formula with a combination of EC and XG matrices

Formula Theophylline (mg) EC (mg) XG (mg) PVP (mg) Lactose (mg) Mg stearate (mg)
1 300 80 120 24 70 6
2 300 110 90 24 70 6
3 300 120 80 24 70 6
4 300 90 110 24 70 6
5 300 100 100 24 70 6
6 300 120 80 24 70 6
7 300 80 120 24 70 6

Notes: The total weight of theophylline sustained-release tablets is 600 mg

Determination of the theophylline sustained-release tablet formula
obtained using Design-Expert v.13 software with Simplex Lattice Design
(SLD) method. The results of the formula design are shown in table 2 and
the theophylline sustained-release tablet formula are listed in table 3.

Granulation

Theophylline, ethyl cellulose, xanthan gum, and lactose were mixed
in a mortar until homogeneous, then added distilled water was
gradually added to the mixture while stirring until a homogeneous
granular mass was obtained. The wet granule mass was sieved
through a 12 mesh sieve and the granules were dried in an oven at
40°Cfor approximately 24 h, then magnesium stearate was added
and mixed until homogeneous [16].

Flowability test

The total of 100 g of granule was placed in the funnel of the
flowability tester; then the granule was allowed to flow freely until
it ran out by opening the funnel lid. The time required for the
granules to flow was recorded as the flow time. This test was
performed in three replicates. A good granule has a flow time of
210 g/sec [17]. The granule flow rate was calculated using the
equation (1) [18].
The flow rate = Granul weight (g) ()

Time (sec)
Angle of repose test

The fixed funnel method was used to calculate the angle of repose,
first, 100 g of powder was being weighed, then freely delivered
through the pulley toward the plate. The radius (r) and height (h) of
the granular powder were measured, then the large angle of repose
() was calculated using the equation (2) [19].

Determination of the compressibility index (T)

A number of granules was placed in the volumenometer until 250 ml
was reached, then the volumenometer was set to 10, 500, 1250 taps
to determine the volume change of granules. Each volume change
that occurred at 10, 500, 1250 taps was recorded. Each formula was

tested in three replicates. The compressibility index (T) was
calculated using the following equation (3) [20].

T (%) =(“27) x100%.. (3)

Notes: T is the compressibility index (%), Vo is the initial volume of
the granules before treatment (ml), and Vr is the final volume of
granules after treatment (ml).

Compression of tablet test

Granules that had been tested for quality and met the existing
requirements were to be printed into tablets. The granule mixture was
printed using a single-punch tablet press with a weight of 600 mg per
tablet. The compression pressure for tablet printing was 15 kg.

Tablet weight uniformity test

A total of 10 tablets were weighed, and the average weight of the tablets
was calculated, then the deviation of each tablet from its average weight
was calculated [21]. Weight uniformity was determined by the value of
the coefficient of variation of the equation (4).

Notes: CV = coefficient of variation; SD = standard of deviation; X =
average tablet weight

Tablet hardness test

The tablet hardness test was performed using a hardness tester. We
randomly selected 10 tablets and positioned them horizontally on
the device, which was initially calibrated to a position of 0.00. The
device was rotated until the tablet cracked and broke, at which point
the scale on the device turned red.

Tablet friability test

We first freed a set of 12 tablets to remove any fine particles or dust
that had adhered to them and then carefully weighed each tablet. We
placed the tablet in the friability tester and rotated it up to 100 times
at a speed of 25 rotations per minute before removing it and freeing it
from the dust. The tablets were reweighed, and the friability (F)
percentage of the tablets was calculated using the equation (5) [22].

271



S. Suprapto et al.

_ (wi-w2)
F= 2 x100%. ... (5)

Notes: W1 = weight of tablets prior to test and W2 = mass of test leaf
tablets

Preparation of phosphate buffer solution pH 7.4

A total of 50 ml of KH2PO4 0.2 M and 39.1 ml of NaOH 0.2 N were
mixed into a beaker glass then diluted with CO2 free water up to 200
ml. The pH of the solution was measured with a pH meter to obtain a
pH of 7.4+1 with or without the addition of 0.2 N NaOH solution and
0.2 N HCl [20].

Determination of the maximum wavelength

The theophylline standard solution was prepared by weighing 200
mg of theophylline and dissolving it in 100 ml of phosphate buffer
pH 7.4. The previously prepared solution was taken up to 1.0 ml and
diluted to 100 ml with phosphate buffer. The dissolved solution was
placed in the cuvette. Its absorption was recorded in red at a
wavelength of 250-300 nm, so that the maximum Wavelength with
the maximum absorption length was found.

Preparation of standard solution

Theophylline standard solution was taken in an amount of 50; 100; 200;
300; 400; 500; 600; 700; 800 pl; then dissolved in 10 ml of phosphate
buffer pH 7.4. The theophylline solution concentration series was
measured with a UV spectrophotometer at the maximum Wavelength of
theophylline previously obtained. The linear regression curve was
plotted based on the result obtained between the theophylline levels and
the absorbance result to obtain the linear regression equation.

Tablets uniformity of content test

The concentration was determined using 10 tablets of each
formulation, then each tablet was diluted and 100 mg of powder was
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weighed. The theophylline tablet powder was dissolved in 100 ml of
phosphate-buffered saline pH 7.4 and mixed until homogeneous. The
theophylline tablet solution was then filtered and 1.0 ml was taken
to dilute in 5 ml of phosphate buffer solution pH 7.4. Determine the
red absorbance of the solution using a UV spectrophotometer at the
maximum wavelength [20]. Calculate the rate (mg%) of absorbance
using the linear regression curve, then the % recovery of content
uniformity can be calculated [23].

Tablet dissolution test

The dissolution test was performed using a dissolution apparatus at a
speed of 50 rpm at a temperature of 37 °C5 °C. Each theophylline
tablet was first weighed and then dissolved until submerged in a
phosphate buffer pH 7.4 medium of 900 ml. Dissolved for 6 h and did
sampling as much as 5 ml at 5, 10, 15, 30, 60, 90, 120, 150, 180, 210,
240, 270, 300, 330, 360 min. Each sampling procedure required
replacement of the pH 7.4 phosphate buffer medium with the same
amount of sample volume. Samples were filtered and diluted, then the
absorbance of the solution was read at the maximum Wavelength of
272 nm using a UV spectrophotometer [23]. The % dissolution rate of
theophylline was calculated from the absorption result.

Data analysis

All data were analyzed using Design-Expert version 13 software
with SLD optimization to obtain the optimal formula. The kinetic
profile of theophylline release from the matrix was calculated based
on the zero order, first order, Higuchi, and Korsmeyer-Peppas
kinetic formulas using Microsoft Excel.

RESULTS AND DISCUSSION
Results of granule physical properties test

The results of physical properties test of theophylline granules are
shown in table 4.

Table 4: Results from the physical test of the formula of theophylline tablets with the combination of EC and XG matrix using the simplex
lattice design method

Test Formula’s code

F1 F2 F3 F4 F5 F6 F7
Flowability rate (g/sec) 13.87+0.54 11.89+0.27 11.40+0.30 12.58+0.21 12.45+0.14 11.32+0.14 12.60+0.12
Angle of repose (degree) 33.54+0.53 33.34+0.53 34.07£0.57 36.27+0.62 34.91+1.06 34.80+£0.98 34.54+0.77
Tapped (%) 13.60+£0.80 12.80+0.00 12.53+1.22 13.87+0.92 14.40£0.00 14.67+0.46 13.87+0.46

“Data are presented as mean+standard deviation (SD); n = 3.

Notes: F1 is a formula that contains EC: XG ratio of 80: 120 mg; F2 is
a formula which contains the EC: XG ratios of 110: 90 mg; F3 is a
formula that contains the EC: XG ratio of 120: 80 mg; F4 is a formula
that contains the EC: XG ratio of 90: 110 mg; F5 is a formula that
contains the EC ratio: XG of 100: 100 mg; F6 is a formula that
contains the EC: XG ratio of 120: 80 mg; and F7 is a formula that
contains the EC: XG ratio of 80: 120 mg.

Flowability rate of granule

Granules with good flow properties will affect the tablet-making
process. If the granulate flows easily, the resulting tablets will have
good weight uniformity [24]. Table 4 shows the results of the flow rate
test on all formulas ranging from 11-14 g/sec so that all formulas have
good flow properties due to the grain flow speed 210 g/sec [17]. The
SLD program with the linear model was obtained, the response
equation of the granule flow rate combination of two EC-XG matrix
materials was shown in equation (6), and the ANOVA analysis result
showed a p-value value of 0.0057 (<0.05), which means the different
result for all formulas against the granule flow rate is significant. The
result of lack of fit value is 0.9826 (>0.05), which means there is no
significant deviation in all formulas to the flow rate response.

Y = 11.39A + 13.21B ....cccuuuuue. (6)
Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on equation (6), the XG coefficient is larger than the EC, it can
be concluded that the most influential component on the flow rate is

XG. It is consistent with the study that XG has good and stable flow
characteristics compared to EC [25]. fig. 1 shows the flow rate chart
of the combination of EC 80 mg and XG 120 mg produces a greater
flow rate compared to the combination of EC 120 mg and XG 80 mg,
so the more XG concentration it will increase the flow rate of the
granules, otherwise the more EC concentration it will decrease the
flow rate of the granules. The formula with the amount of EC 80 mg
and XG 120 mg produces the fastest flow rate compared to other
formulas, as shown in fig. 1.

Angle of repose

Table 4 shows that the angle of repose test results of all formulas
range between 33 -35 so that all formulas have good angle of repose
because they are in the range 20 -40 [26]. The SLD program with the
cubic model was obtained, the response equation of angle of repose
written on the equation (7), the ANOVA analysis showed p-value
0.0536 (>0.05), which means the different result is not significant in
all formulas against angle of repose. The lack of fit value>0.05, which
is 0.9307, means that there is no significant deviation in all formula
against the angle of repose responses.

Y = 34.44A + 34.04B + 2.85AB - 16.68AB(A — B) ...... (7)
Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on equation (7) which indicates that the XG coefficient is
greater than the EC coefficient, it can be concluded that XG is the
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most influential component against the angle of repose. The
interaction between the two matrices gives a positive interaction
(+2.85), which suggests that the interaction of both matrices can
increase the value of the angle of repose. Formula 2 with EC 110 mg
and XG 90 mg yielded results with granules with the smallest angle

Component Coding: Actual

Flowability rate (g/dt)
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of repose values of 33.34 and Formula 4 with EC 90 mg and XG 110
mg gave results with the granules that have the largest angle of
repose of 36.27 as shown in fig. 2. Formula that contains more XG
components can increase angle of repose due to the properties of XG
that are capable of adsorbing water vapour.

Two Component Mix

14.00 —

13.00

12.00 <

Flowability rate (g/dft)

11.00 —

10.00 —

A 80
B: 120

T I I
100 110 120

100 90 80
A: Ethyl cellulose (mg)
B: Xanthan gum (mg)

Fig. 1: Graphic sustained release tablet of theophylline with a combination of EC and XG matrix to the response of the flow rate of granules
with the simplex lattice design method

Component Coding: Actual

Angle of reposed (degree)

Two Component Mix

@ Design Paints
L Bands 3800 —

X1=A
X2=8

37.00 —
36.00 —|

35.00 —

34.00 —

Angle of reposed (degree)

33.00 —

32.00 —

31.00 —

A B0
B 120

90
110

T T T
100 110 120

100 30 80
A: Ethyl cellulose (mg)
B: Xanthan gum (mg)

Fig. 2: Graphic of theophylline sustained release tablets with a combination of EC and XG matrix to a granule of angle of repose response
with the simplex lattice design method

Compressibility index (T) test

The purpose of conducting a compressibility index (tapped) test is to
find out how the flowability effect affects the granules. In the Table-4 it is
indicated that the settings values of all formulas range between 12-15%,
which means that all formulas have good granules because of
settings<20% [27]. The SLD program with the quartic model was
obtained, the response equation of tapped test as described in the
equation (8), the ANOVA analysis showed p-value of 0.8654 (>0.05),
which means the different result is not significant in all formulas against
the tapped test. The result of the lack of fit value was not detected, which
means that the result data cannot be analysed in all formulas.

Y = 13.60A + 13.74B + 2.93AB - 5.35 AB(A—B) - 18.81AB(A —
B)...8)

Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on the equation (8) shows that the EC coefficient is similarity
the XG coefficient, then it can be concluded that the more influential
component on the setting is XG. The interaction of two matrices has
a positive value (+2.93), which means that the two-matrix
combination can increase the compressibility index.

Based on the graph in fig. 3 shows that the combination of EC 115
mg and XG 85 mg matrix yields the lowest T compared to other
formulas, whereas the use of EC 100 mg and XG 100 mg produces
the highest T compared with other formulas. This result is that the
more EC components can decrease the T value. Good compressibility
aims to make the tablets formed have good strength so that they are
not vulnerable to fragility in the process of drug distribution [28].

Tablet physical properties test

The results of examining the physical properties of sustained-release
theophylline tablet are summarized in table 5.
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Component Coding: Actual
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@ Design Points
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oo V/\/

12.00 —
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10.00 —{

800 —

600 —

T T T T T
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B: 120 110 100 90 80
A: Ethyl cellulose (mg)
B: Xanthan gum (mg)

Fig. 3: Graphic of theophylline sustained release tablets with a combination of EC and XG matrix to granules of compressibility index
response with simplex lattice design method

Table 5: The results of the examination of the physical properties of theophylline sustained release tablets with a combination of EC and
XG matrices using the simplex lattice design method

Test F1 F2 F3 F4 F5 F6 F7

Weight uniformity** (CV%) 0.24+1.45 0.45+2.76 0.53+3.19 0.55+3.36 0.37+2.24 0.53+3.18 0.32+1.95
Tablet hardness** (kg) 14.70+1.75 13.86+1.50 12.95+0.45 14.88+0.64 17.14+0.85 18.01+0.75 19.35+0.66
Tablet friability* (%) 0.32+0.05 0.31+0.05 0.41+0.26 0.47+0.06 0.37+0.08 0.26+0.07 0.51+0.13
Drug content uniformity* (% 99.90 98.01 97.53 97.47 97.87 98.61 97.92
recovery)

Dissolution rate* (mg/h) 13.05 10.87 10.70 12.81 11.84 10.15 13.1

*Data are presented as mean#standard deviation (SD); n = 3, **Data are presented as mean#standard deviation (SD); n = 10, Notes: F1 is a formula
that contains EC: XG ratio of 80: 120 mg; F2 is a formula which contains the EC: XG ratios of 110: 90 mg; F3 is a formula that contains the EC: XG
ratio of 120: 80 mg; F4 is a formula that contains the EC: XG ratio of 90: 110 mg; F5 is a formula that contains the EC ratio: XG of 100: 100 mg; F6 is a
formula that contains the EC: XG ratio of 120: 80 mg; and F7 is a formula that contains the EC: XG ratio of 80: 120 mg

The weight uniformity of tablets program with the quartic model obtained the equivalence of the

weight of the tablet combination of the two EC-XG matrices described
In table 5, it is shown that the test results of the formula are good, and in the equation (9); the ANOVA analysis result showed p-value value
this can be seen on the whole formula's CV result ranging from 0.2% to 0.0726 (>0.05), which means different results mean not significant in
0.3% so that it has met the CV value requirement of<5% [27]. The SLD all formulas against the weight uniformity of tablets.

Companent Cading: Actual
Weight uniformity (% CV) Two Component Mix
@ Design Points
— — -95%Cl Bands 0.80 —

X1=A

x2=8 070 —

0.60 —

0.50 —

040 —

Weight uniformity (% CV)

030 —

0.20 —

0.10 -

A 80 90 100 110 120
B: 120 110 100 30 80
A: Ethyl cellulose (mg)
B: Xanthan gum (mg)

Fig. 4: Theophylline sustained release tablet graph with a combination of EC and XG matrix to tablet weight uniformity response with
simplex lattice design method
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The result of the lack of fit value was not detected, which means that
the result data cannot be analysed in all formulas.

Y = 0.530A + 0.280B — 0.140AB — 1.20AB(A — B) +
2.59AB(A — B)2...... (9)

Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on equation (9) that indicates that the EC coefficient is higher
than the XG coefficient, EC is the most influential component on
weight uniformity. The interaction of both matrices gives a negative
interaction (-0.140), which means that the interaction between the
two matrices can decrease %CV on weight uniqueness.

The graph in fig. 4 shows that the combination of EC 120 mg and XG
80 mg yields the lowest %CV value, which means that in
combination the two components yield the most uniform weight
consistency result among the other formulas, whereas the 90 mg EC
combination and the 110 mg XG yielded the highest %CV result
which meant that in a combination both of the components gave the
least uneven weight uniformity result amongst the other formulas.
This result that high XG components can increase %CV values and
thus decrease tablet weight uniformity.

Component Coding: Actual
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Hardness test of tablet

Table 5 shows that the hardness test results on the whole tablet range
between 12-18 kg, so all formulas have met the hardness requirement of
sustained-release tablets ranging between 10-20 kg [29]. The SLD
program with a quadratic model was obtained with the equation
described in the equation (10), the ANOVA analysis result showed a p-
value value 0.7977 (>0.05) which means the different result is not
significant in all formula against tablet hardness. The lack of fit
value>0.05, which is 0.7961, means that there is no significant deviation
in all formula against hardness of tablet responses.

Y = 15.30A+ 16.90B - 2.95AB ............ (10)
Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on the equation (10) that indicates that the XG coefficient is
higher than the EC coefficient, then it can be concluded that the most
influential component on the hardness of the tablet is XG. The graph
on fig. 5 shows that the combination of EC 80 mg and XG 120 mg
produces the tablet that has the highest strength value among other
formulas, whereas the combinations of EC 120 mg and XG 80 mg
produce the lowest strength tablet among other formulas.

Two Component Mix

Hardness (Kg)
@ Design Points
24.00 |
X1=A
x2=8 22.00
20.00 —
[ ]
G
i~ 18.00 | L4
«
@ [ ]
=
B 16.00 |
©
X
L]
14,00 — °
[ ]
12.00 —
10.00 |
T T T T
A 80 %0 100 110 120
B: 120 110 100 90 80

A: Ethyl cellulose (mg)
B: Xanthan gum (mg)

Fig. 5: Graphic of theophylline sustained release tablets with a combination of EC and XG matrix against tablet violent response by
simplex lattice design method

The compression pressure and the properties of the ingredients in the
formula are factors that can affect the hardness of the tablet [30]. All
formulas are printed using the tablet machine by giving the same
compression pressures, then another factor that can influence the
strength of tablets is the property of ingredients within the formula.
These results are that XG has good compressibility so that it increases
the strength of tablets, then the tablet strength can increase even more
if the XG components are added more and more. Tablets that have high
hardness mean that the bond between particles is strong, so that in the
event of a shock the tablet is not easily damaged [31].

Friability of tablet

The friability test was carried out with the aim of determining the
strength of non-salute tablets against friction [32]. Table 5 shows that
the friability test results on the whole tablet have fragilities ranging
between 0.26-0.51% so that the tablets manufactured have met the
friability requirement of tablets that is less than 1% [29]. The SLD
program with the linier model was obtained with the equation
described in the equation (11), the ANOVA analysis result showed a p-
value 0.2404 (>0.05), which means that the different results are not
significant in all formulas against tablet friability. The lack of fit

value>0.05, which is 0.9185, means that there is no significant
deviation in all formula against hardness of tablet responses.

Y = 0.4145A + 0.3145B ......... (11)
Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on the equation (11) indicating that the EC coefficient is high
compared to the XG, then it can be concluded that the more
dominant component influencing tablet friability is the EC. There
was not interaction of both matrices.

The graph on fig. 6 shows that the combination of EC 80 mg and XG
120 mg produces tablets that have the lowest friability value among
other formulas. Tablet friability is influenced by several factors, such
as the properties of the granule flow, the hardness of the tablet, and
the matrix used [33]. Ethyl cellulose is an insoluble water matrix, at
the time of granulation with the addition of EC binding material less
able to absorb water so less merge with other materials to form a
compact granule, therefore when dried will form a more fragile
granule and, when casting will form tablets that are easily fragile on
the tablet surface.
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The uniformity of content of tablet

The purpose of the content uniformity test is to find out that
theophylline has been mixed evenly in the granules. A good tablet
has an active substance content in the range of 85-115% [21]. Based
on the results of the content uniformity test shown in Table-5
showing that the whole tablet has fulfilled the content uniformity
requirement because it has a content compatibility value of 97-99%.
The SLD program with the quartic model was obtained and
described in the equation (12), the ANOVA analysis result showed a
p-value value 0.8374 (>0.05), which means the different result is not
significant in all formulas with respect to the tablets' contents
compatibility. The result of the lack of fit value was not detected,
which means that the result data cannot be analysed in all formulas.

Y = 98.07A + 98.91B - 2.48AB + 5.12AB(A — B) - 6.08AB(A —
B)2.......... (12)

Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)

Based on equation (12), which shows that the XG coefficient is
slightly larger than the EC coefficient, it can be concluded that XG has
more influence on the uniformity of tablet content. The interaction
of both matrices gives a negative interaction (-2,48), which means

Component Coding: Actual

Friability (%)
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that the interaction between the two matrices can decrease the
uniformity of the active substance content of the tablets.

The graph in fig. 7 shows that the graph curve is curved downwards, which
means at the use of EC 100 mg and XG 100 mg results in the lowest
consistencies of the contents compared to other formulas. The abnormality
in the weight of the tablet, the separation of the active substance from the
other ingredients of the mixture, and the uneven mixture of the substance
during the granulation are some of the factors affecting the consistency of
the contents [19]. XG is one of the main ingredients that enhances content
diversity due to its ability to improve the flow properties of the granules
and improve the diversity of the content.

Dissolution test

Dissolution testing can now be employed for both the in vitro in vivo
corelation (IVIVC) allows prediction of the in vivo performance of a
drug based on the in vitro drug release profiles and quality control
approaches thanks to recent developments in dissolution
methodologies[34]. Dissolving a drug from a preparation on a
particular medium is known as dissolving [35]. The dissolution
profile of tablets can be described by the percentage of dissolved;
the longer the time, the higher the level of the medication [36]. In the
dissolution test, a phosphate buffer solution with a pH of 7.4 was
used to represent the fluid in the intestines.

Two Component Mix
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Fig. 6: Theophylline sustained release tablet graph with a combination of EC and XG matrix against tablet friability response by simplex
lattice design method
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Fig. 7: Theophylline sustained release tablet graph with a combination of EC and XG matrix to a content uniformity (%recovery) response
with simplex lattice design method
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Fig. 9: The logarithmic curve of the quantity of the drug left in the sustained release tablets of theophylline with a combination of the EC
and XG matrix (Log (Qo-Qt)) against time (t)

The results of the theophylline's dissolving sustained release tablets order curve 1, compares the logarithm of the remaining quantity of
are expressed in (%) dissolved form. The zero-order curve, the drug (Log (Q.-Q:)) to that of the time depicted in fig. 9. The
comparing the % dissolved rate to the time shown in fig. 8. The Higuchi curve is compared to the minute root as shown in fig. 10.
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Fig. 10: The theophylline sustained release tablet dissolved rate curve with a combination of EC and XG matrix (Qt) against time root (\/ t)

A sustained release preparation would ideally have a drug release would release the drug at a rate constant. The value of the
model following the zero order [37], since the matrix system correlation coefficient of the formula compared with the value of
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the table correlations (N-2=13, a significant level of 0.05) is
0.5139, which can be understood that all the formulas have a
larger line correlation coefficient compared with the table
correlation coefficient and indicates that all the formulas follow
the four kinetic models of drug release. Based on the values of the
correlation coefficient, as shown in table 7, obtained from the zero
order, first order, Higuchi and Korsmeyer-Peppas conic models, all
the formulas follow the kinetics of the Higuchi model, which can be
seen from the magnitude of the kinetic correlation coefficient of

Int ] App Pharm, Vol 17, Issue 3, 2025, 270-282

the Higuchi>Korsmeyer-Peppas>first order>zero order model, as
shown in table 6. Drug release controlled by matrix erosion then
indicates the relationship between the number of drugs released
versus linear time, whereas drug release controlled by diffusion
then indicates the relationship between the number of drugs
released versus linear time root. In the Korsmeyer-Peppas model
kinetics, if the value n<0.5, the drug release follows the diffusion
mechanism; if the value n>1, the release follows the erosion
mechanism, and if the value 0.5.

Table 6: The theophylline sustained release tablet drug release curve equation with a combination of EC and XG matrices

Higuchi

Korsmeyer-Peppas

Formulas Curve equation (% dissolution concentration)
Zero-order First order

F1 y =0.0575x+8.5791 y =-0.0003x+1.9622
F2 y =0.0529x+6.5100 y =-0.0003x+1.9717
F3 y = 0.0493x+5.9516 y =-0.0003x+1.9742
F4 y = 0.0555x+7.6727 y =-0.0003x+1.9666
F5 y =0.0531x+7.0056 y =-0.0003x+1.9695
Fé y = 0.0447x+6.7803 y =-0.0002x+1.9699
F7 y = 0.0556x+8.7591 y =-0.0003x+1.9614

y=1.2526x+3.5128
y = 1.1481x+1.8904
y = 1.0649x+1.7165
y = 1.1943x+2.9489
y = 1.1495x+2.4128
y = 0.9930x+2.6311
y = 1.2021x+3.9608

y = 0.3609x+0.4988
y = 0.4013x+0.3354
y = 0.4098x+0.2826
y = 0.3693x+0.4484
y = 0.3966x+0.3612
y = 0.4086x+0.2912
y = 0.3472x+0.5247

Notes: Zero order: x = time (minutes), y = dissolved concentration (%), First order: x = time (minutes), y = logarithm drug remains, Higuchi: x =
square root time (root minutes), y = dissolved concentration (%), Korsmeyer-Peppas: x = logarithm time (log minutes), y = logarithm dissolved (%)

Table 7: The value of the correlation coefficient of the theophylline tablet release drug sustained release with the combination of the EC
and XG matrices and the value of table correlations

Formulas r value
Zero order First order Higuchi Korsmeyer-Peppas Value of r
F1 0.9568 0.9671 0.9799 0.9763 (N-2 =13 significant
F2 0.9620 0.9703 0.9795 0.9748 level 95%),
F3 0.9495 0.9556 0.9545 0.9539 r value = 0.5139
F4 0.9559 0.9624 0.9554 0.9502
F5 0.9413 0.9489 0.9511 0.9511
F6 0.9039 0.9179 0.9608 0.9540
F7 0.9481 0.9570 0.9570 0.9473

Based on the result of the dissolution in fig. 11 shows that a formula
with a EC concentration greater than XG produces the longest
release of the drug among other formulas, formulas with a XG
concentration larger than EC produces a drug release the fastest

among other formulas. Ethyl cellulose is a hydrophobic matrix, so it
can inhibit the release of drugs in the blood by forming a gel layer to
keep the drug in the matrix. Xanthan gum is a water-soluble matrix
that will expand and erode when in contact with the medium [9, 38].
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Fig. 11: The theophylline sustained release tablet dissolved percentage logarithm curve with a combination of the EC and XG (Qt) matrix
against the time logarithm (log t)

The SLD program with a linear model obtained the equivalence of
the response rate of dissolution of the tablet combination of the two
EC-XG matrices described in equation (13). The ANOVA analysis
yielded a p-value of<0.05, which was less than 0.0001, indicating
that the observed differences were statistically significant for all
formulas with regard to the dissolution rate. The lack of fit value is

greater than 0.05, indicating that there is no significant deviation in
all formulas with regard to the hardness of the tablet responses. The
value is 0.5987.

Y = 10.404 + 13.18B............. (13)
Notes: A = ethyl cellulose (EC), and B = xanthan gum (XG)
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Equation (13) indicates that the XG coefficient is greater than the EC
coefficient, which allows the conclusion to be drawn that the most

Component Coding: Actual

Dissolutin rate (mg/hour)
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influential component on the dissolution rate of theophylline
sustained-release tablets is XG.
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Fig. 12: Graphic sustained release tablet of theophylline with a combination of EC and XG matrix to the dissolution rate (mg/h) response
with SLD method

As illustrated in fig. 12, the combination of 80 mg EC and 120 mg XG
yields the tablet with the fastest dissolution rate, while the
combination of 120 mg EC and 80 mg XG produces the tablet with
the slowest dissolution rate. This is due to the fact that ethyl
cellulose is less water-soluble, which allows for the control of drug
release and maintenance of the drug within the matrix for a period
of 12 h by preventing the ingress of water [10].

Determination of optimum formula

The optimum formula is determined by processing the physical
property response obtained from each formula measured with the

optimum criteria using the Design Expert software [39]. The
determination of the optimum formula in this research was done
using the Design Expert 13.0 program with the SLD model. The
optimized components are ethyl cellulose and xanthan gum, which
are the matrix as drug release controllers on theophylline sustained-
release tablets. Experimental results such as flow properties of
granules (flow rate, angle of repose, and compressibility index),
tablet determination such as weight uniformity, hardness, friability,
content uniformity, and dissolution rate are included in Design-
Expert version 13.0 as shown in table 9 with the criteria defined to
obtain the optimal formula as shown in table 8.

Table 8: The criteria for determining an optimize formula

Parameter Criteria Standards Limitation Importance
Flowability rate of granule (g/sec) maximize =10 10-14 +++
Angle of repose (°) minimize 20-40 20-40 +++
Compressibility index (%) minimize 8-15 12-15 +++
Weight uniformity (%CV) minimize <5% 0.24-5 +++
Hardness (kg) maximize 10-20 10-20 +++
Friability (%) minimize <1% 0.26-1 +++
Uniformity of content (%) maximize 100 95-105 +++
Dissolution rate (mg/hour) target 12.5 10.15-13.1 +++

Table 9: The result equation optimization of physical properties of granules and physical-chemical property of theophylline sustained
release tablets using SLD method

Test Models Equation p-value Lack of fit Adjusted Predicted Adequate
R? R? precision

Flowability rate (g/sec) Linier Y =11.39A+13.21B 0.0057 0.9826 0.7733 0.5434 8.1728

Angel of repose (degree) Cubic Y = 34.44A+34.04B+2.85AB - 0.0779 0.9307 0.7365 0.4763 7.6500
16.88B(A-B)

Compressibility index (%) Quartic Y =13.60A+13.74B - 2.93AB - 0.8654 - 0.8995 NA 1.7554
5,35AB(A-B) - 18.81AB(A-B)?

Uniformity weight (CV%) Quartic Y =0.530A+0.280B-0.140AB - 0.0726 - 0.8891 NA 7.9867
0.120AB(A-B)+2.590AB(A-B)?

Hardness (kg) Quadratic Y =15.30A+16.90B - 2.95AB 0.7977 0.7961 -0.3397 -2.0603 0.9833

Friability (%) Liner Y =0.4145A+0.3145B 0.2404 0.9185 0.1142 -0.7169 2.3490

Uniformity of content Quartic Y=98.07A+98.91B-2.48AB+5.12AB (A-  0.8374 - -0.7902 NA 1.5109

(Yrecovery) B) - 6.08AB (A-B)?

Dissolution rate (mg/h) Linier Y =10.40A+13.18B <0.0001 0.5987 0.9557 0.9246 20.1565

Notes: Y = Responses, A = EC, B = XG,-= undetected, and NA = case with leverage of 1.000
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Table 10: The theophylline sustained release tablet optimum formula prediction results with a combination of EC and XG matrix using the

SLD method

Response Prediction of optimum formula, [EC: XG = 107.03 mg: 92.97 mg]
Flowability rate of granule (g/sec) 11.98

Angle of repose (°) 33.65

Compressibility index (%) 13.36

Uniformity tablet weight (%CV) 0.40

Hardness tablet (kg) 15.18

Friability of tablet (%) 0.36

Uniformity of content tablet (mg) 98.03

Dissolution rate (mg/h) 11.30
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Fig. 13: The result of optimum point determination of theophylline sustained release tablets with a combination of EC and XG matrix
using design expert version 13 (Licence) that desirability value is 0.507 (107.03 mg: 92.97 mg)
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Fig. 14: The resume of optimum point determination of theophylline sustained release tablets with a combination of EC and XG matrix
using design expert version 13
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Fig. 15: The bar graph of desirability of optimum point determination of theophylline sustained release tablets with a combination of EC
and XG matrix using design expert version 13

The result of prediction data using SLD method gives an optimum
formula prediction EC 107.03 mg and XG 92.97 mg with a desirability
value of 0.507 as seen in fig. 13 and fig. 14, the bar graph of desirability
of optimum point determination as seen in fig. 15. The desirability
value ranges from zero to one, this value is used to indicate how well
the SLD program is able to meet the desire based on the criteria and
weighting that have been set [40]. If the desired value is high, the
perfection in achieving the desired result will be increased. The
optimum formula obtained by the SLD program along with the
predicted response result of the formula, is shown in table 10.

CONCLUSION

The combination of EC and XG matrices can affect the physical
properties of the granules and theophylline sustained release
tablets, i. e, increasing the concentration of XG compared to EC
increases the flowability, angle of repose, compressibility index,
uniformity of weight, hardness, content of uniformity and
dissolution rate. Using a higher concentration of EC than XG will
increase the friability of the tablet. The interaction of EC and XG will
improve the angle of repose, weight uniformity and friability as well
as may decrease the percentage of compression and diversity. The
drug release from the matrix is slower with the larger EC; the release
patterns produced by the combination of EC and XG follow the
kinetics of zero order, order one, Higuchi, and Korsmeyer-Peppas. A
combination of EC of 107.03 mg and XG of 92.97 mg is an optimal
formulation combination recommended by the SLD method with a
desirability value of 0.507.
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