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Abstract

Controlled release matrix tablets of theophyllinerevprepared with hydrophilic polymer
xanthan gum and evaluated. Controlled release xnatoiets of theophylline were prepared
by wet granulation technique by varying polymeraai1:1 and 1:2) and hardness (5, 6 and
7 kg/cnf). Tablets were prepared by wet granulation teaidhe granules are subjected
for preformulation studies. Compressed tablets vesauated for hardness, uniformity of
weight, friability, drug content, thickness and rdieter. All the formulation showed
compliance with pharmacopoeial standards. IR spsctipy revealed that there was no
interaction between the drug and the polymer ugethé formulation.ln vitro dissolution
studies were performed using Disso 2000 (paddle)tydmong all formulations F6 showed
controlled 73.18 +1.55 % after 10 hr. The kinetic treatment showwat the drug release
followed higuchi model. F-6 formulation was subggttto stability studies at three different
temperatures for 6months period. It was found tgthble. From this study it was proved that
the release of theophylline from matrix tablets vistuenced by both polymer ratio and
hardness.
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I ntroduction

Theophylline a methylxanthine, relaxes bronchiakole, although its precise mode of action
is still debated [1]. Theophylline and its moreuddé etylenediamine salt, aminophylline,
were the bronchodilators of choice in the Uniteadt&t for the management of asthma.
Although this primary role has now been taken yRhadrenoceptor agonist, theophylline
continues to have an important place in the themdmsthma because it appears to have an
important place in the therapy of asthma becausgepéars to have anti-inflammatory as well
as bronchodilator activity [2]. The main advantagéghese formulations for oral use are
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improved absorption and fewer gastrointestinal esbveffects. The latter can also be reduced
by using slow release formulations and these foatmuis have also been shown to produce a
plasma concentration/time profile with adequateapeutic concentration for upto 12 hr after
a dose, despite the shor,tof theophylline [3]. Theophylline in controlled lease
formulation is administered in the evening to achian elevated theophylline level overnight
when the risk of asthma is found to be maximum With the conventional formulations of
theophylline, the maintenance of therapeutic comadan over the dosing interval will
require administration atleast every 6 hrs and elamter intervals for smokers and children.
The controlled release formulations were designeabviate these problems [5]. Hydrophilic
polymers are becoming very popular in formulatingl @ontrolled-release tablets. As the
dissolution medium or biological fluid penetratée tdosage form, the polymer material
swells and drug molecules begin to move out ofsyystem by diffusion at a rate determined
by the nature and composition of the polymer ad aglformulation technology. Natural
gums are among the most popular hydrophilic polgnimcause of their cost-effectiveness
and regulatory acceptance. Xanthan gum is a natbrasynthetic, edible gum and an
extracellular polysaccharide produced by the basterXanthomonas campestris [6].
Xanthan gum is widely used in oral and topical pteceutical formulations, cosmetics, and
foods as a suspending and stabilizing agent. hoistoxic, compatible with most other
pharmaceutical ingredients, and has good stalaliy viscosity properties over a wide pH
and temperature range [7]. In this study theophgllwas investigated in the form of
controlled release formulations using xanthan guth two different ratios (1:1 and 1:2) and
three different hardness (5, 6 and 7 kdijctim vitro release study was done in pH 7.4 and the
percentage of drug release was estimated at 277 using UV double beam
spectrophotometer.

Materials and Methods

Theophylline was procured from Amratlal and co. @fa. Xanthan gum and magnesium
stearate was obtained from Loba chemi. Pvt; Ltd,mWai. Lactose monohydrate was
obtained from Paxmy speciality chemi. Chennai. #Aalyl pyrolidone and isopropy! alcohol

was purchased from S.d.fine-chem.Pvt; Ltd, Muml#di. other chemical used were of

analytical grade.

Formulation of theophylline controlled release matrix tablets

Tablets of all the formulations were prepared byt weanulation method (Table 1).
Formulations were prepared by mixing theophyllimal anthan gum uniformly. Lactose
was added to the drug and polymer mixture and lelerttioroughly for 5 min. Polyvinyl
pyrolidone K30 (PVP K30) was dissolved in suffidi@uantity of isopropyl alcohol (IPA).
PVP K30 in IPA was added to the drug, polymer autdse mixture and mixes it thoroughly
to form a coherent mass. It was sieved manuallyutjin sieve # 16. to form granules. Then
the granules were collected and dried at 42°@ for 2 h. The dried granules were passed
through sieve # 16. The granules were then sulgetdethe preformulation test. After
preformulation studies, the granules were mixedhwibagnesium stearate. Then the
lubricated granules were compressed into tableighivegy 500mg using 12mm round flat
faced punches in a rotary tablet press (Rimek mmiss-1, Model RSB-4, Karnavathi
Engineering, Ahmedabad) to a hardness of 5, 6 akgicht. The compressed tablets were
dedusted and evaluated for various tablet proertie
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Table 1 Theophylline controlled release tablets for mulation

Composition Theophylline: Xanthan | Theophylline: Xanthan
(For one tablet) (mg) gum (1:1) gum (1:2)
Theophylline 100 100
Xanthan gum 100 200
Lactose monohydrate 280 180
Polyvinyl pyrolidone

K30 (PVP K30) 10 10
Magnesium stearate 10 10

Iso propyl alcohol (IPA) g.s g.s

Evaluation of granules

The angle of repose [8] of the granules was detercthby fixed funnel method to assess the
flow property of the granules. Loose bulk densy 9] (LBD) were measured using the
formula LBD = Weight of the powder/ volume of thevpder. Tapped bulk density [8, 10]
(TBD) were measured using the formula TBD = Weighthe powder/ tapped volume of the
powder. Reciprocal of bulk density is known as imdks [11]. Bulkiness = 1/ bulk density.
Compressibility index [8] of the granules was deteed by using the formula CI (%) =
Tapped density — Bulk density x 100/ Tapped densigusner ratio [8] was determined by
using the formula HR = Tapped density/ Bulk density

Evaluation of formulated tablets

Hardness [12] of the tablets was performed usingnddato hardness tester. Uniformity of
weight [13] was performed as per specificationabitity test [13] was performed using
Roche friabilator. Drug content [13] was estimatatsing UV double beam
spectrophotometer. Thickness and diameter wereurexhsising a vernier caliper.

FTIR Studies

It was used to study the interaction between they,dpolymer and the excipients. FT-IR

studies were obtained by KBR disk method using agetrpmediated Fourier transformed
infrared spectroscopy (FT-IR) (Shimadzu). The speof matrix tablet formulation F-6 was

compared with those of pure theophylline and xamtgam [14]. The drug, polymer and

excipients must be compatible with one anotherdalpce the product stable and efficacious.

In vitro dissolution studies

In vitro drug release of the samples was carried out ugsgp-2000 dissolution apparatus
(paddle type). The dissolution medium, 900 ml p#, Was placed into the dissolution flask
maintaining the temperature of 37045° and rpm of 50. One theophylline tablet was placed
in the dissolution apparatus. The apparatus wawed to run for 10 h. Samples measuring
10 ml were withdrawn every 30 min intervals upto HQusing 10 ml pipette. The fresh
dissolution medium was replaced every time withgame quantity of the sample. Collected
samples were suitably diluted with pH 7.4 and aredlyat 277 nm using pH 7.4 as blank.

Kinetic Studies

The theophylline release data from all the formateg were fitted in various kinetic models
like zero order, first order, higuchi, hixon — crefhand Koresmeyer Peppas [15].
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Stability studies

Stability studies were aimed at determining theultesf aging and storage under various
conditions on the formulated controlled releasdetsb It was carried out to evaluate the
stability of F6 formulations after storing at difést temperatures for a period of 6 months.
The prepared tablets were kept at three differemiperatures 4 2°C, 28 +2°C and 45_+
2°C for 6 months [16]. Every two months intervals thblets were evaluated for all physical
parameter. The percentage of theophylline contedti@a vitro drug release studies were
determined by double beam UV double beam specttopteier.

Results and Discussion

The present study was carried out to formulate ewauate the theophylline controlled
release matrix tablets. A wet granulation method wanployed to produce theophylline
controlled release tablets. Lactose was selectefilles in the formulations, as tablets
containing lactose are reported to show good fitgland low weight variation with no sign
of sticking, binding and capping. PVP K30 is analent and versatile all purpose binder. It
is recommended to granulate soluble powder withotadic solution of PVP K30.
Magnesium stearate was incorporated as a glidahaatiadherent.

Physico-chemical characteristics of theophylline matrix granules

The granules of different formulations were evatdafor angle of repose, bulk density,
tapped density, bulkiness, compressibility inde® Aausner ratio. The results are shown in
table 2. The granules shows good flow propertidh thie angle of repose ranging fronf 30
35°. The bulk density was found to be in the rang®.81.25 gm/crito 0.3947 gm/crh The
tapped density was found to be in the range of 383¢m/cni to 0.4545 gm/crh The
bulkiness was found to be in the range of 2.5 BocB/gm. The compressibility index and
hausner ratio was found to be in the range of 12#i& 1.15-1.17. Above all the results
shows that the granules having good flow properties

Table 2 Evaluation of Theophylline Granules with Xanthan gum

Theophylline : Guar Gum
Parameters 5 kglcnt 6 kg/cnf 7 kglent
1:1 1:2 1:1 1:2 1:1 1:2
(F1) (F2) (F3) (F4) (F5) (F6)
30.83 | 32.68 31.98 31.76 32.81 32.01
Angle of reposed) + * + + + *
0.5204| 0.5840| 0.8492 0.9792 0.6131 0.5313
0.3107| 0.3049| 0.3164 0.3087 0.3149 0.3127
Bulk density (gm/cc) + + + + + +
0.008 | 0.004 0.009 0.005 0.013 0.010
0.3651| 0.3548 | 0.3600 0.3624 0.3626 0.3653
Tapped density (gm/cc) + + + + + +
0.007 | 0.011 0.007 0.007 0.012 0.012
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3.22 3.28 3.12 3.24 3.18 3.18
Bulkiness (cc/gm) + + + + + +
0.08 0.04 0.08 0.05 0.13 0.10
14.89 | 14.00 12.14 14.79 12.04 13.81
Compressibility index (%) + + + + + +
1.14 3.36 2.43 2.40 3.92 2.71
1.17 1.16 1.17 1.17 1.16 1.17
Hausner ratio + + + + + +
0.02 0.05 0.03 0.03 0.06 0.04

"Mean +standard deviation of five determinations

Physico-chemical characteristics of theophylline matrix tablets
The formulated tablets were evaluated for theirspdal characters. The results are tabulated
in table 3. The thickness and diameter was fourizetm the range of 4,16.00 to 4.2 40.04
and 12.5 +0.03 to 12.6 +0.04. The hardness of the tablets was checked with Mdasan
hardness tester. The hardness of all the formutatddts was found to be 4.960+34 to 7.03

+ 0.24. The uniformity of weight indicates that #fle tablets were with low standard
deviation values. In the friability test, the laslsweight was in the range of 0.110+05 to
0.38 + 0.05 it is below 1% it indicates that the formathttablet passes the test. The

percentage drug content of all formulations wasbto be in the range of 95.80+41 to
97.4 +0.22.
Table 3 Evaluation of Tablets
Theophylline : HPMC K100M
Parameter 5 kg/Cfﬁ 6 kg/Cﬂ% 7 kglcn‘?
11 1.2 11 1.2 1.1 1.2
(F1) (F2) (F3) (F4) (F5) (F6)
Hardnes$ (kg/cnf) 5.02 +0.21| 4.964.34 | 6.03+0.13 | 6.014.19 | 7.0340.24 | 6.98 4.37
. . . b
tJnr]lg)ormlty of weight™ | 4988 +5.2 | 500.54.7 | 500.143.5 | 499.246.2 | 499.546.6 | 500.6 +7.6
Friability © (%) 0.29+0.04 | 0.24 .03 | 0.20+0.07 | 0.38#.05 | 0.20 .06 | 0.11 +0.05
Drug content (%) 95.8+0.41 | 96.8+4.60 | 97.04.33 | 97.4+0.22 | 96.0#0.14 | 97.0_40.29
Thickness (mm) 4.2 +0.00 4.2 40.04 4.1 40.03 4.1 +0.05 4.1 +0.02 4.1 +0.00
Diameter (mm) 12.6 +0.01 | 12.5+.03 | 12.5+40.05| 12.6 #.04 | 12.6 .02 | 12.6 #0.03

a=5b=20;c=10

FT-IR studies

FT-IR study revealed that there was no shift inghaks of theophylline and xanthan gum in
matrix tablets compared to pure theophylline andth@n gumlt was found that there was
no interference to the drug with excipients ang/p@r used in the present study.

In vitro release studies
Matrix tablets of all the formulations were sultggtto studyin vitro release study for 10 h.
F1 formulation shows 99.0 .59 after 8 h, F2 formulation shows 84.61469, F3

formulation shows 99.9 8.51 after 8.5 h, F4 formulation shows 75.6.%3, F5 formulation
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shows 99.9 +0.61 and F6 formulation shows 73.8 1455 after 10 h. Among all the
formulation F6 formulation shows prolonged drugeesde when compared to other
formulations. It was shown in figure 1. It indicstinat the polymer ratio and hardness plays a
vital role in the drug release. As the polymeraand hardness increased the drug release
rate was decreased. Hardness makes polymer angadrtigges more intact. Maintenance of
suitable hardness is an important factor of coletolelease pattern of matrix tablets.
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Figure 1. Comparison of in vitro release study of F-1to F-6 formulations

Mechanism of drug release

Drug release mechanism from the matrix tabletfoahulation F1 — F6 follows higuchi
model (Table 4). The release exponent n was betWegil2 to 0.7387 (0.5 < n < 0.89),
which appears to indicate a coupling of the ditbasiand erosion mechanism so-called
anomalous diffusion and may indicate that the drlgase is controlled by more than one
process. Thus, it was proposed that these formuktielivered their active compound by
coupled diffusion and erosion. Reddy et al obsemsiedlar results with a matrix tablet of
nicorandil with an n value of 0.71 [17] and Fassiimd Ritschel with a matrix tablet of
theophylline with an n value of 0.7 [18oth these groups of researchers also consideeed th
corresponding n values to indicate an anomaloesasel mechanism.

Stability studies

F-6 formulation was selected for the stability $&gd At the time of stability studies, F-6
formulation was observed for changes in physicakeapance and evaluated for the physico-
chemical parameters and subjectediriovitro drug release studies for every 2 months
intervals upto 6 months at three different tempeest. The results are presented in the table
5. The results showed that there was no significiiange in the physical appearance,
physico-chemical properties andvitro drug release of the tablets at the end of the g¢ora
period. Thein vitro release graph was shown in the figure 2, 3 andefckl, F6 formulated
tablets withstand for a period of 6 months at défe temperature without any change.
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Table 4 Drug release kinetics of all six formulations

Formulation | Correlation| Zero First Higuchi Hixcon Kolgismsgler
code co-effecient| order order 9 crowell PP
nvalue | fvalue

F-1 P 0.9785| 0.8582] 0.9767 0.9669 0.7380 0.9969
F-2 P 0.9845| 0.9731] 0.9788 0.9912 0.6812 0.9980
F-3 P 0.9821| 0.9846] 0.9776 0.922)7 0.7387 0.9995
F-4 P 0.9896| 0.9857| 0.9664 0.9950 0.7069 0.9867
F-5 P 0.9789| 0.7637| 0.9825 0.9084 0.7147 0.9984
F-6 P 0.9960| 0.9802] 0.9559 0.9928 0.7099 0.9797

Table 5 Stability study for the formulation F-6 at three different temper atures

4£+2°C 28+ 2°C 45+ 2°C
*

Parameter Oday | 2monthg 4 months 6 months 2 months 4 mopths 6 months ntﬁsrLo4 months 6 month
Physical ) No No No No No No No No No
changes changes| changes| changes| changes| changes| changes| changes| changes| changes

6.97 6.95 7.04 7.01 7.05 6.95 7.03 6.94 6.99

Hardnes$ | 6.98 +

) 0.45 0.36 0.30 0.45 0.36 0.31 0.46 0.28 0.52
gf”\',fvgrimrﬁ},’ 500.6 | 504.3+ | 501.9+ | 505.4+ | 495.8+ | 500.8+ | 499.3+ | 501.7+ | 498.2+ | 501.3 +
(mg?) +7.6 3.6 45 4.2 3.0 7.2 6.3 5.8 7.2 3.0
Friability 0.11+| 0.15+ 0.18 + 0.32 + 0.10 + 0.25 + 0.22 + 0.10 + 0.25 + 0.22 +
(%) 0.05 0.07 0.03 0.14 0.01 0.10 0.09 0.02 0.09 0.06
Drug conten | 97.0 98.2+ 98.0+ 97.8+ 98.6+ 98.4+ 98.0 98.2+ 97.8+ 96.4
© (%) +0.29 0.12 0.16 0.22 0.15 0.26 +0.18 0.15 0.26 +0.18
Thickness 4.1+ 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
(mm) 0.00 +0.03 +0.02 +0.03 +0.02 +0.03 +0.04 +0.02 +0.03 +0.04
Diameter | 12.6+| 12.6+ 12.6 + 12.6 + 12.6 + 12.6 + 12.6 + 12.6 + 12.6 + 12.6 +
(mm) 0.03 0.04 0.02 0.01 0.03 0.04 0.02 0.03 0.04 0.02
Dissolution
after 10 hr 73.8 73.8 73.8 72.9 73.8 73.8 72.9 73.8 72.9 72
(%)

Note:a=5;b=20;¢c=10
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Figure 2: Stability study of F-6 formulation at 4°+ 2°C for a period of 6 months
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Figure 3: Stability study of F-6 formulation at 28°+ 2°C for a period of 6 months
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Figure 4: Stability study of F-6 formulation at 45+ 2°C for a period of 6 months
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