Bull. Pharm. Sci., Assiut University, Vol. 20, Part 2, December 1997, pp. 141-146.

FORMULATION AND EVALUATION OF CONTROLLED
RELEASE AMINOPHYLLINE MATRIX TABLETS

Ahmed Shaker Ali", Adel Mohamed Ali** and Fergany Abd El-Hameed Mohammed'

"Department of Pharmaceutics, Faculty of Pharmacy Assiut University, Assiut-Egypt
“Faculty of Pharmacy Al-Isra University, Amman-Jordan

Yoo ol gsind Y Adanaie gal ¥l juaadl o ge ESG aladiul Giaglt e a3

St Jfise uS 55585 5t sabadl Jfise Jg g (S 9oun 1A 3 sall 03 5 (lld glael a2
Bk e oy Akl Leaal g3 Caa (ga pal 301 038 ol 5 25 L plandl Y S5 p 933 peal
3y 4 gaie Al 308 Clina L B paanall Gal IV agaa o) Oai Casall 138 23 (e g L Lgde o) 5l
Aagy Y A Wiyl miliil) e prazall y Ly 8 JS S 5 cama CaliAT 6 ol bl de e o 2a g
Ofne Jarg oS yom o (655t Sl pal 31 e el gall (33U Ao O gaal y DA
o) el )Y e LS o pall (Uil Uall Gl ¢ panll Y e g 5iad A @lliy ol saludl
S 5538 a5l g ) 03 3day 6l g p g3 geall Gyl sl dine (oS 5 S ddaid 93 Dy
oal 38 e ef ol Ui LSilSe of oot Ll g gl IV b 5 sdsadad) Jifiae dang

.)LS'SDU Hu_-fa,ﬁh“ alolase c.ﬂ'i 3)...&;4\“

Three matrix excipients namely: Hydroxypropylmethyl-cellulose (HPMC), sodium
carboxymethyl cellulose (NaCMC) and egg albumin (EA) were utilized for the preparation of
controlled release matrix tablets containing 200 mg of aminophylline. The prepared tablets
were evaluated with respect to physical parameters and dissolution rate. All formulations
showed acceptable physical parameters. The release rate was variable depending on the
composition of the matrix tablet. There was no significant difference between the dissolution
rates of the matrix tablets prepared with HPMC or EA. The slowest release rate was observed
in case of the matrix tablets prepared using NaCMC either alone or in combination with either
HPMC or EA. The dissolutiondata of the drug from most matrix tablets formulation were fitted

to Higuchi diffusion model.

INTRODUCTION

The principle of drug diffusion through a
matrix has been widely applied to the
preparation of sustained release tablets.** Two
types of materials are used for the matrix
carrier: a hydrophobic material such as wax or
ethylcellulose for an insoluble matrix carrier,
and a water soluble hydrophilic material such as
cellulose derivative for a gel-forming matrix
carrier. Hydroxypropylmethyl-cellulose and
carboxymethy-cellulose are the most commonly
used cellulose polymers for this purpose.!®?
Preparation of matrix tablets by direct
compression has been gaining increased attention
because of the simple and low-cost
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manufacturing process.” Egg albumin is a
biodegradable drug carrier which has been used
in solid dispersion and microencapsulation
processes.”* It has been also recently used for
the preparation of controlled matrix tablets® The
aim of the present work was to study the utility
of using egg albumin either alone or in
combination with other known hydrophilic
polymers for the formulation of controlled
release aminophylline matrix tablets.

EXPERIMENTAL

Materials
- Hydroxypropylmethyl cellulose [HPMC]
(Methocel K100 M, Ltd., Orpington, UK).




- Sodium carboxymethylcellulose [Na CMC]}
(BDH chemicals Ltd., Poole, UK).

- Egg albumin [EA] (Ovalbumin, Ovosec,
Spain).

- Microcrystalline cellulose, mean particle
size 98 um (Avicil PH 102, FMC
Corporation, USA).

- Aminophylline B.P. (a gift from the United
Pharmaceutical Manufacturing, Amman,
Jordan).

- All other materials were of analytical
grade.

Methods
Preparation of tablets

The tablet formulations of aminophylline
are listed in Table 1. All materials were passed
through 125 um sieve and retained on 90 um
sieve. The powders were mixed together for 10
min. in a high speed mixer (Erweka Turbula
system S27, Germany). The tablets were
prepared by direct compression using single
flat-faced punch (13 mm diameter) [Erweka -
AR 400 E, Germany]. The machine was
adjusted to produce tablets of 100-120 N
hardness.

Evaluation of the prepared tablets

- Uniformity of weight and drug content
were determined according to USP/NF 23
procedures
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- Hardness and friability were determined
using Erweka hardness tester (TBH 30) and
Erweka friabilator (TAR) respectively.

- Tablet disintegration was performed at
37°C in simulated gastric fluid without
enzyme using a Pharma Test (PTZ -Italy)
disintegration tester. -

Dissolution studies |

The dissolution rate of the drug from
different matrix tablets were determined
according to USP paddle method using Hanson
dissolution test station (Hanson Research Co.
USA). The dissolution medium was 900 ml of
pH 1.2 HCI solution or phosphate buffer pH 6.8
maintained at 37°C and the stirring rate was 100
rpm. Samples of 5 ml were periodically
withdrawn and replaced with an equal volume of
the dissolution medium equilibrated at 37°C.
The drug concentration in each filtered sample
(0.45 um Millipore filter) was determined by

‘measuring the absorbance at 271 nm using a

(Shimadzu UV/Vis 1205). None of the
excipients interfered with the determination.
Dissolution tests were carried out on six tablets
and mean values were reported.

RESULTS AND DISCUSSION

Physical properties
Table 2 shows the physical properties of the
prepared aminophylline matrix tablets. It could

Table 1: Formulation of different matrix tablets of aminophylline.

Formula

Composition of each tablet (mg)

appriviation

Amino- egg Avicel
phylline HPMC albumin NaCMC PH101

150 - 46
- 150
75 75
75 -
- 75

HPMC
| EA
NaCMC

46
46

HPMC+EA
HPMC +NaCMC(C
EA+NaCMC

& &
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Table 2: Physical characteristics of aminophylline matrix tablets.

e EE———————————..

Drug content
mg

Formulation

HPMC 401 (1.81)

EA 398 (2.16) | 201.4 (1.74)
NaCMC 402 (2.67) | 200.3 (1.51)
HPMC +EA 403 (1.93) 198.9 (2.15)
HPMC +NaCMC 398 (2.42) | 200.7 (1.85)

EA +NaCMC 399 (2.06)

be observed that all the prepared tablets fulfill
the USP/NF 23 requirements for uniformity of
weight, drug content and friability. These tablets
showed acceptable hardness and uniformity of
thickness and diameter values. Tablets
containing HPMC showed better crushing
strength than those including NaCMC or EA.
The disintegration time values for all tested
formulations exceeds 12 hr.

Release characteristics

The process of release of drugs from a
hydrophilic polymer-drug matrix is a complex
one. This involves water penetration into the dry
matrix, hydration and gel formation of the
polymer, diffusion of the dissolved drug in the
resultant gel and erosion of the resultant gel
layer. The modeling of these processes is further
complicated by the swelling of the system. The
mechanism of drug release from compressed
polymer-drug matrix could be represented as
follows

dissolution medium
Drug-polymer —--—-eeeeommem .
matnx

Swollen gel + Gel - erosion
reduces Increases
drug release  drug release

Thus the rate of formation of the gel layer, the
thickness of this layer and the rate of erosion
would influence the drug release pattern.”
Figure 1 shows the dissolution profiles of
aminophylline from different matrix tablets at
pH 1.2 dissolution medium. It was observed that
the release of aminophylline from the matrix
tablets of EA, HPMC or combination of
EA +HPMC followed a biphasic pattern i.e: an
initial relatively fast dissolution phase followed

mean (C.V.%) .
199.6 (1.96)

199.3 (2.23)

Hardness
kg
mean (C.V.%)

12.19 (4.23)
9.54 (2.64)
10.83 (2.84)
10.03 (2.74)
11.44 (3.52)
10.12 (2.06)

Disintegration
time

Friability
%

by a slower dissolution phase. Concerning the
initial phase, the dissolution of the drug from the
matrix tablets of either EA or EA+HPMC
proceeded faster than that from HPMC matrix
tablets. This may be due to the slower swelling
nature of EA compared to HPMC {visually
observed}. The biphasic dissolution pattern
could be explained in view of the depletion of
the outer layer of the matrix from the drug and
hence increase of the diffusion layer thickness.
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Fig. 1: Dissolution profiles of aminophylline from
different matrix tablets in pH 1.2 solution.

It could be also noted that the matrix tablets
prepared with NaCMC or combination of
NaCMC with either EA or HMPC gave a
significantly slower dissolution rate of
aminophylline. This can be explained as follows:
when the matrix tablets comes into contact with
water 1t swells and forms a porous gel barrier.
The pores near the surface of matrix are filled
with water and the drug release is initially
controlied by the dissolution of the drug in the
water filled pores and then by diffusion.?”*
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Dissolution of NaCMC resulted in formation of

a highly viscous solution in the pores which in

turn slowed down the drug release by formation
of an additional gel-like barrier.

The dissolution profiles of aminophylline
from different matrix tablets at pH 6.8 are
presented in Figure 2. The dissolution profiles of
the drug from the different matrix formulation is
quite similar to those observed in the case of
dissolution in acidic medium. However, the
dissolution rate of the drug at pH 6.8 in case of
the matrix tablets prepared with NaCMC or

8
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Fig. 2: Dissolution profiles of aminophylline from
different matrix tablets in pH 6.8 phosphate

buffer.
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NaCMC with either EA or HMPC was relatively
faster than that at pH 1.2. This may be due to
the slower erosion of NaCMC gel-layer barrler
in acidic medium.

Kinetic of drug release

The equation originally derived by
Higuchi® and modified by Takenaka et al.*® was
used to predict the release of aminophylline from
matrix tablets. The equation may be simply

written as:
Q = K, t*

where Q is the percent of drug released after
time "t". Zero order as well as first order
models were also applied. The release data were
fitted to these models according to least square
regression analysis by using P. C program
{Cricket-graph Ver 1.2, Apple MaC}. The
results of analysis are presented in Tables 3 and
4. It was noted that the release of aminophylline
from matrix tablets prepared with NaCMC at pH
1.2 followed zero order kinetic. The release data
of the drug from all other formulations were
best fitted to Higuchi diffusion model as
indicated by the highest regression coefficient
"r". These results are in agreement with those
reported by Abdel-Rahman ef al.*' A biphasic
pattern was confirmed with some formulations.

Table 3: Release kinetics of aminophylline from differetn matrix tablet formulations at pH 1.2.

Zero order
Formulation

HPMC
EA
NaCMC

HPMC+EA
HPMC+NaCMC
EA +NaCMC
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Table 4: Release kinetics of aminophylline from dlfferetn matrix tablet formulatlons at pH 6.8.

Higuchi diffusion model
o —— e
Formulation 1st stage 2nd stage

--

HPMC

EA

NaCMC

HPMC+EA
 HPMC +NaCMC

EA+NaCMC

% of drug released

% of drug released

m—*—--——-n-n-w'

0 10 20 30
Square root of time (min)

Fig. 3: Higuchi plot of aminophylline release data
from the matrix tablets in pH 1.2 solution.

The Higuchi plot of aminophylline release data
from different matrix tablets are shown 1n Figure
3. The release of the drug from the matrix
tablets prepared with either HPMC or EA
yielded two intersected lines. The release of the
drug in the second phase proceeded at a rate
which was slower than that of the first phase.
This behavior was explained earlier. These
results are in agreement with those reported by
Aly and Megawa.” In the case of the matrix

Kh -1
%/\/h %/\/h x10

- -0.961

tablet of NaCMC a biphasic pattern was
obtained. The drug release was faster in the
second phase compared to the first phase. This
may be due to erosion of the NaCMC gel-layer
barrier. The initial retarding effect (lag time of
about 2 hr) which can be observed in case of
NaCMC containing formulations before reaching
the steady state may be attributed to the slow
erosion of gel barrier.

Conclusion -

Controlled release matrix tablets of
aminophylline were successfully prepared using
EA, HPMC and NaCMC. The prepared tablets
showed acceptable physical parameters according
to USP/NF 23. All formulations showed
controlied release profiles of the drug. There
was no significant difference between HPMC
and EA matrix tablets with respect to drug
release rates. Incorporation of NaCMC in the
matrix tablets significantly slowed down the
drug release rate. The drug release kinetics was
according to Higuchi diffusion model from all
formulations except that of NaCMC where the
drug release followed zero-order diftusion
model.
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