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ABSTRACT
Sustained release matrix lab!cts involve mixing the active ingredient(s) wit

this study, theophylline anhydlous (THF) matrix tablets were prepared using different concentrations of ma

stearate or ethylcellulose as release retarding materials. At certain concentrations, both substances were capable of

h proper release retarciing agent(s). In 7
gnesium

retarding the drug release. However, high concentrations of magnesium stearate has led to poor physical properties such
as low hardness and increased friability. On the contrary, increasing the concentration of ethylcellulose has improved
both hardness and friability which may be regarded due to its binding properties. The optimum formulation was chosen
on the basis of tablet mechanical properties and in vitro drug release. The selected tablet formulations had optimum
hardness, low friability and acceptable dissolution pattern regarding to USP XXX dissolution regulations. Through
applying kinetic equation models, the release mechanism of the drug from the selected formulations was found to follow

Higuchi's kinetic model. This indicates that the drug release from the selected formulated tablets was mainly due to

diffusion rather than matrix erosion.

INTRODUCTION - consisting of a mixture of magnesium salts with
Asthma is a chronic inflammatory disorder of the different fatty acids mainly used as a lubricant “®, It is
airways characterized by variable airway obstruction, an additive that is capable of forming films on other
airway inflammation, and increased responsiveness to a tablet excipients during mixing, leading to a prolonged
variety of stimuli ""¥. Theophylline has remained the drug liberation time “*'. It has been reported that
cornerstone for asthma management, especially [for magnesium stearate can be used as a release controlling
patients with moderate-to-severe symptoms . Due to excipient "*'%,
its short half life which is about 7-9 hrs in adults “ and Another release = modifying material s
narrow therapeutic index (5-20 pg/mL) *7, there is an ethylcellulose which is a non-toxic, stable,
important need for theophylline sustained release compressible, inert and hydrophobic polymer. It has
dosage form. been used as a binder, in preparing microcapsules and
Sustained release dosage forms arc designed to as @ matrix forming material in sustained release
~ maintain uniform therapeutic concentration of the formulations 7,
drug for an extended perioii of time leading to In this study, simple formulations consisting of
reduced dosing frequency, customer compliance, lower . two principal components were investigated. These
incidence of side ngects and maximum drug components were theophylline anhydrous (THF) and a -
effectiveness %, Matrix systems are still one of the release retarding agent. Highly drug loaded mal:n'x ‘
. mmost attractive approaches in sustained release tablets with different concentrations of magnesmm
Pl‘cpnranons from both the economic as well as the slearate or elhylceilulose were prepared. Formuluuon

‘M“Brliesium stearate: IS a hydrophobic‘ material

a0

process development points of view selection was based upon physical properties :md "

Many retarding materials have been used 10 conlrol vitro drug release, The release mechanisms of the

and - madulate - ~drug  release . properties o .Inblch,. selected Tormulations were analyzed acco'rding (o zero
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order, first order, Higuchi and Hixson-Crowell kinetic
models,
MATERIAL AND METHODS
Materials :
Theophylline

Pharmaceuntical

anhydrous (Gift from MUP
Abu Sultan, Egypt).
Ethyleellulose (45¢p) (Carl Rothe GmbH, Chemical
Company, Germany). Lactose (Aldriche Chemical
Company, St. Louis, USA). Magnesium Stearate (NF,
Merck, Dramstadt, Germany). All other chemicals were

Company,

of analytical grades.
Methods :
Formulation of theophylline tablets.

Different tablet formulations were prepared by
either direct compression or wet granulation techniques
containing 300 mg of THF. Table | shows the
composition of the suggested formulations. In case of
direct compression, drug, lactose and magnesium
stearate were individually sieved then mixed. For wet
granulation, the drug and lactose were sieved, mixed
and granulated using ethylcellulose alcoholic solution,
and passed through a sieve of pore size 500 pum. The
prepared granules were dried, sieved and the fraction
retained between 500 pm and 250 pm sieve was
collected. Magnesium stearate was sieved, added to the
dried granules and mixed. Each formulation was
cﬁmpressed using press tablets machine (Chamunda
Ltd, Ahmedabad, India),
oblong punches, 18 L, 8 W mm die, at constant

Pharma Machinary Pwvt,

compression force (3.5 tons).

Evaluation of physical properties of formulated
tablets, '

| The formulated tablets were evaluated according to
their physical properties. Thickness ' of tablets was

-measured  using - mu'ltl-purpose thickness  tester

(Shanghzi, China). Tablet hardness was determined

i tablets hardness (Campbell

Maharashtra, India).
evaluated .using 'friabil.alnr- (S.B.S.

' Baréclt_ma, Spain), .Dishucgralion Ii}lle was evaluated

(S.B.S.

using  digital tester
Instruments,

- ‘using ~ disinlcgration  tester - Insiruments,

Friability  was

Ba'rce'lpnm, Spain). All the previous evaluation tests in

.24

cight variation tes(s were

addition to drug content and w -

done nccordinﬁ to the USP XXX standards

In vitro dissolution study.

Dissolution fest was done according to USP XXX

with six cups dissolution tester (S.B.S. Instruments,

Barcelona, Spain) using apparaus 1(basket) at 100 rppm.

Dissolution was carried out using 900 ml simulated

intestinal fluid (SIF) phosphate buffer pH- 7.5 as
m. Samples were withdrawn at
prcdctcn'nmcd time intervals (0.5, 1, 2. 4, 6, 8 hr). Sink
conditions were kept throughout Ih: test. Samples after
y diluted were assayed using UV

dissolution mediu

being proper]
spectrophotometer (Shimadzu  Corporation,  Kyoto,
Japan) at 272 nm. Each data represents the mean
standard error (S.E.).

Kinetics of lheophylli'ne release.

In order to study the kinetics of drug release from
the formulated matrices, the dissolution data wers -
kinetically analyzed nccording to zero order kinetics,
first order kinetics, Higuchi diffusion model 25 well as
Hixson- Crowell ;nndel.

Statistical analysis.

All the data represents the meant=SE. The
differences were considered to be significant at a level
of p<0.05,using one way ANOVA test and paired T -
test. ‘

Results and discussion
Physical characteristics. _

The physical characteristics of the formulated
tablets: thickness, weight variation, drug content,
hardness, friability and disintegration time expressed as
mean & S.E are shown in Table 2, Increasing the |
concentration of magnesium stearate has dramatically
affected ‘tablet hardness, friability and disintegration
time in formulations from F-1 to F-6. Lubricants can
alter tablet's blend hydrophobicity -which may affect '
tablet manufacturing processes such as compac':tioﬁ, and
tablet hardness "), The hardness reduction caused by
magnesium stearate may be coﬁsndcred as a result-of 3
rcductmn of interparticle bonding Icadmg to tablet.
relaxation @9, Dnsmlcgmluon time has lncreascd wilh

the incrensc in magnesium stearate wh:ch is may b° d‘"’
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to its hydrophobic nature "' In case of formulations
- from F-7 to F-11, increasing the concentration of
ethylcellulose improved both hardness and friability of
the prepared tablets of F-7 to F-11 which could be
atrributed to its binding property un

In vitro drug rcl_easc.

Figure 1 illustrates the release data of THF
from F-1 to F-6 formulations in SIF pH 7.5 using
basket at 100 rpm. /n vitro dissolution data indicated
that the dissolution of THF was strongly affected by the
concentration of magnesium stearate. As magnesium
stearate concentration increased from F-1 to F-6, the
dissolution rate decreased. In case of F-6 only 81.11%=
1.57 was released after 8 hr while F-1 achieved nearly
100 %= 1.43 after that ime. Water soluble excipients
usixally increase the drug release rate from matrix
tablets, whereas, water insoluble excipients decrease
drug release rate ®*, So, due to the hydrophobic nature
of magnesium stearate, the drug mléase rate was
expected to decrease.

Although the hardness of formulated tablets
from F-1 to F-6 has decreased (Table 2), there wasn't a
concomitant increase in the release rate; on the
contrary, the dissolution rate was decreasing. There was
a slight décreasc in release between F-1 and F-2 which

may be caused by two counteracting effects. The first

' [SSN 1110-5089

,."'

effect may be due to the decrease in hardness and the
increase in tablet porosity. The second opposing effect
is suppozed 1o be the hydrophobic nature of magnesium
stearate. These two cffects are nearly equal 2t low
concentrations of magnesium stearate. However, as the
concentration of magnesium stzarate increased starting
from E-3 formulation, the hydrophobicity had » greater
influence on the dissolution rather than hardness. -
Figure 2 illustrates the release data of THF
from F-7 to F-11 formulations in SIF pH 7.5 using
basket at 100 rpm. In such formulations, high
concentrations of magnesium slearaiz were substimutad
with different concentrations of ethylcellulose while
magnesium stearate was kept at constant conceniralion
of 2% w/w as a lubricant There was am obvious
retardation in drug release rate from these formmiations.
As the concentration of ethylcellulose increased from
F-7 to F-11, the dissolution rate decreased. In case of F-
7, 90.1%=1.3 of theophylline was relzased afier & &r
compared to 75.8%0.55 in case of F-11 w=bles. Sech
retardation in dissolution may be dus o ithe
hydrophobic nature of ethylcellulose which prevents
the penetration of the dissolution medium within the
matrix. In addition, increasing cthyleslinlose '
concentration has lead to increased tablet hardness

which may cause a slower drug release rate.

Table 1: Composition of different formulated theophylline tablets

Formulation No. Applied Magnesium ethylcellulose Theophylline ) Lactoss
technigue stearate (mg) (mg) anhydrous (mg)  (mg)
F-1 — pc! . - 00 2
F-2 ‘D.C:' 6.8 - 300 7 1332
F-3° - D.C* 13.6 - 300 T
F4 — Do 204 : , 300 —T5%
75| DC. 272 . 300 >
F-6 D.C* 34 - 300 3
BT waor | 68 A ™ %3
F8 — WGP 6.8 10.2 T
F9 WGr 68 7 00 163
F-10 wGr | . 68 238 300 | 94
AN T wW.ar 6.8 306 — 300 | '.2_5
' ‘Dirccl compression ® Wet granulation
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Table 2: Physical characteristics of theophylline anhydrous formulated tablets.

e,

Formulation | Thickness Weiglt Drug content | Hardness Friability Disintegration tims
no (mm) (mg) (%) (Kg) (%) (min)
—— ]
F-1 2.1£1,1 333.3£1.5 97.240.4 6.6+04 0.55 45915
66,8 £2.1
F-2 2.1£2.0 3308+ 1.0 | 97.0£0.2 5.7+0.2 0.85
F-3 2.0£1.0 337.5+ 1.0 97.5+0.1 4.8+0.4 Failed 70.0£1.0
Failed
F4 2.0+ 1.1 340.7+0.9 100.8+0.8 4.5£0.9 80.5%1.2
Failed
F-§ 2111 341.5¢1.1 101.5¢1,0 3.5£0.3 84.0=1.5
Failed
F-6 21214 | 3409:05 | 98.6+08 2.8+ 0.5 o 150.02.5
F-7 2.0%0.0 339,240.6 99.7+0.7 6.2+0.8 0.59 138.321.9
F-8 2.01.1 3415+ 2.1 100.1+0.8 7.5%1.3 035 178.4+09
F-9 2.0£0.1 337,709 99.1%£2.0 8.2+1.0 0.27 205.7+3.1
F-10 2.1£2.0 340.120.8 98.0£1.] 9.2+0.8 0.14 225.1222
F-11 ©2.0+0.7 337.9+1.4 99.50.5 10.120.5 0.13 245317
All tests were done according to USPXXX. Each data represents the mean = S.E (n=6),
10 120
F....n [ e e L I 1 | L —11 ol ——F8  ri _"L_'
100 100
-E 50 ?: 80 '
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Fig. 1: In vitro release profile of theophylline from F-1

1o F-6 formulas in simulated intestinal fluid pH 7.5

using basket 100 rpm.

Tiu‘ue (hr) ’

? L}

Fig. 2: In vitro release profile of theophylline from F-7

to F-11 formulas in simulated intestinal Nuid pH 73
u‘sing basket at 100 pn.
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‘ Sclclclinn of formulation,
The release profiles of theophylline from different
formulated tablets were evaluated according to USP
Test 8 for theophylline extended release capsules ™,
Only F-4, F-5, F-7, F-8 and F-9 formulations have
fulfilled lhc_rcqui.rcr_ncms while the rest of formulations
were out of the range of tolerance established in such
test. F-1, F-2 and F-3 formulations have shown fast
release while F-6, F-10 and F-11 formulations have
shown much slower drug release. The later
formulations seemed to be impermeable due to the high
content of magnesium stearate in F-6 tablets .or
ethylcellulose in F-10 and F-11 .tablcts. Both F-4 and F-
5 formulations did not pass the friability or hardness
tests requirements. Therefore, nonc of the magnesium
stearate based matrices was selected indicating that
magnesium stearate was nol a reliable release
retardants. This contra verses with '® who mentioned
that for highly loaded matrix tablets containing
sparingly soluble drugs, such as theophylline,
magnesium slearate at appropriale'-levcls can acl as an
_ effective release-controlling excipient. According to
USP XXX dissolution test requirements and acceptable
physical properties only F-7, F-8 and F-9 formulations
have been selected for further studies.
Kinetics of theophylline release.

In order to understand the release mechanisms,
mathematical models were applied. The rate and extent
of release from matrix tablets depends on many factors
including the solubility of the drug **). Since the drug is
soluble in SIF pH=7.5 therefore, the solubility was not
the limiting factor here ®", The dissolution data (from
the values of 0.5 to 8 hr drug release) of F-7, F-8 and F-
9 in SIF pH 7.5 using basket at 100 rpm were fitted to

zero-order (Fig. 3), first-order (Fig, 4), Higuchi models .

(l' ig. 5) and Hixson —Crowcll models (Fig.6). Table 3

X shows the regression coel’ﬁucnl values for the three

formulations for the km:ucs models The model that
best fitted the' release data was deternined by the

* highest regression coefficient (1),

ISSN 1110-5089

As clearly indicated in Table 3 and Fig. 3, the
prepared formulations did not follow zero-order release
kinctics. The best fit with highest regression for the
three formulations was found with the Higuchi’s
equation which expresses a dilfusion drug release
mechanism. As for the Hixson-Crowell equation, it
indicates an erosion-depended drug release mechanism
M This indicates that the release of drug from the
formulated tablets using hydrophobic matrix may be
due to drug diffusion. These findings agree with 1he
fact that at the end of the experiment, the integrity of
ethylcellulose tablets was maintained, suggesting that
water and theophylline diffused through the mblets
without a noticeable erosion of the matrix structure.

Increasing the concentration of Ethylcellulose from -
F-7 to F-9 tablets has increased the r* value obtained
from first order model and decreaszd that obtained by’
Hixson- Crowell as shown in table 3. This indicates that
erosion of the matrix system decreased by increasing
ethylcellulose concentration.

Table 3: /n viro release regression coefficient

values of theophylline release from selected
formulations.

Formulation | Zero First | Higuch | Hixson-
No. order | order | i model | Crowell
r! r rt r
F-7 0.9517 | 0.9771 | 0.995] 09915
F-8 0.9630 | 0.9894 | 0.9981 | 0.9874
F-9 0.9747 | 0.9954 | 0.9983 | 0.9864

08

06

04

02

Fraction of drug released

T S T 5.0 '7‘3.
| : - Time (hr)
Fig. 3t Zero order plot of theophylline release from -
selecled formulations in snmulnted intestinal ﬂuad pH
7.5 usmg basket at 100 rpm,
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Fig. 4: First order of theophylline release from
,scl'ccrcd formulas in simulated intestinal luid pH 7.5
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" 'CONCLUSION |
“The approach of the present study was (o evaluage

magnesium stearate and ethylcellulose separarely 5

rclcnsc retarding materials in sustained rclease labll:ls

oluble drug such as THF. Bog
substances had the ability to prolong drug mlem_‘
However, the incorporation of high concentrations of
magnesium  stearale required to achieve b'm:.h..
retardation has led to poor tablet physical properties thg‘
most important of which is decrease in hardness and
merease in [riability. The Inydroplwbii:ily ol magncsium
stearate had a stronger effect ‘on the release of
theophylline from matrix tablets than hardness. In case
of ethylcellulose, increasing its concentration improved
both hardness -and f[riability ~suggesting that
ethylcellulose acted both as a binder and drug release
retardant. Selection of the most appropriale .
formulations was based upon physical and dissolution
properties. Ethylcellulosc has proven to be 2 better
release retardant than magnesium stearate. The drug
release mechanism from selected formulations was best
fitted to Higuchi’s kinetic model suggesting that the
release was may be due to diffusion rather than matrix
erosion. In addition, according to the r* values, lh‘;‘_
matrix erosion was found to decrease with the increase
of ethylcellulose concentration.
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