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ABSTRACT:Theophylline microcapsules were
prepared using the solvent evaporation
technique. Each of ethylcellulose (EC) and
cellulose acetate buryrate (CAB) was used as a
coating material. The adopted technique was
simple and efficient. The drug release rate from
CAB-coated microcapsules was slower than that
Jrom EC-coated ones. Increasing the coating
polymer concentration, in the internal phase,
Jrom 10 to 20% leads to a decrease in the
release rate of the drug. Increasing the
CAB/drug ratio from 1:1 to 2:1 leads to «
decrease in the release rate. Sealant treatment
of EC-coated microcapsules was tried in an
attempt to lower the drug release rate thereof.
The sealant had a pronounced effect on the
release rate. The effect was more enhanced by
increasing the sealant concentration.

Three sustained release formulations of the
microcapsules were prepared and  orally
administered o asthmatic patients. The drug
serum levels revealed a sustained action of the
tested formulations.

INTRODUCTION

. Theophylline 1s the most widely prescribed
bronchodilator for the treatment of chronic

asthma and chronic obstructive lung diseases'.

The effective serum concentrations were
considered to be between 10 and 20 pg/ml.
Toxlic effects of the drug were common above
20 pg/ml serum theophylline concentration?®. The
undesirable toxic effects are gastrointestinal
disturbances, central nervous system etfects,
tfocal and generalized seizure and cardiovascular
toxic manifestations™. To achieve maximum
therapeutic benefit with a minimum incidence ot
adverse effects, sustained release preparations of
the drug have been suggested. These prepara-

 tions are effective for the acute and chronic

maintenance treatment of bronchial asthma>®

~They offer the advantages of less frequent

dosing with decreased fluctuation in the serum
level during the dosing interval®'°., Several
microencapsulation techniques were adopted to
develop the sustained release systems of
theophylline!"’. The aim of the present work
was directed to design a sustained release
formulations ot theophylline adopting modified
microencapsulation techniques.

EXPERIMENTAL

- Materials:

Anhydrous theophylline (Sigma Chem. Co.,
St. Louis, U.S.A.). Cellulose acetate butyrate,
CAB (Sci., Polymer products, Inc., Ontario,
new York, U.S.A.). Ethylcellulose N 100, EC.
(Hercules, Inc., Wilmington, U.S.A.). All other
chemicals were analytical reagent grades and
were used as received.

Apparatus:

shimadzu double beam spectrophotometer
(UV-150-02, Japan). The USP standard
dissolution apparatus with teflon-coated paddle
stirrers  (Model Dt-06, Erweka, Germany).
Scanning electron microscope (model Jem-T 1,

Japan electric optics laboratory Co. LTD). Set
ot standard sieves (USP).

Procedure:

1-  Microencapsulation of theophyllin

each of cellulose acetate butyrate (CAB) and
ethylcellulose (EC) was used as the coating
material. CAB was used at 1:1 and 1:2 core/coat
ratio while EC was only used at 1:1 ratio. To
prepare microcapsules, the coating polymer was
dissolved 1n acetone. Theophylline was dispersed
in the solution of coating polymer. The




dispersion was then emulsified into parattin oil
(1:3). The emulsion was kept stirred at room
temperature. After evaporation of acetone, the
formed microcapsules were separated, washed
with n-hexane and dried at room temperature.
The dried microcapsules were tractionated using
a set of standard sieves. The coating polymers
were used at 10 and 20% w/v concentration.

2- Determination of microcapsule drug
content:

100 mg-samples representing the difterent
sieve fractions were crushed In a mortar.
Simulated gastric fluid (No enzymes but 0.02 %
w/v Tween 80 was added) was added to the
mortar content. The content was filtered to
remove coat fragments and quantitatively
transferred to a volumetric tlask. The tlask was
completed to volume by simulated gastric tluid.
The drug concentration was measured
spectrophotometrically at 270 nm*'"*,

3- In-Vitro release studies :

Release studies were carried out at 37°C 1n
900 ml of dissolution media. The USP standard
apparatus with tetlon-coated paddle stirrers at S0
rpm was used. Each of simulated gastric tluid
and simulated intestinal fluid was used separately
as the dissolution medium. Each medium was
used without enzymes but 0.02% w/v Tween 80
was added to overcome the poor wettability ot
microcapsules and make the solution more
closely resemble to the surtace tension of
gastrointestinal tluid. Accurately weighed
samples of microcapsules (100 mg) were added
to the dissolution medium. Five ml aliquots were
withdrawn at intervals and replaced with fresh
medium. The amount of drug released was
determined spectrophotometrically at 270 nm for
simulated gastric tluid and 271 nm for simulated
intestinal fluid!"**17.

4- Sealant treatment of the prepared
theophylline microcapsules:

In an attempt to prolong the release time ot
theophylline from its ethylcellulose-coated
microcapsules, sealant treatment was tried. The
treatment was done as tollows

An accurately weighed sample (0.1 gm) of
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microcapsules (Fraction size 90-200 pum,
ethylcellulose concentration in acetone 20% w/v)
was added to 10 ml ot beeswax solution in
n-hexane. The system was stirred at 150 rpm for
10 minutes, filtered and dried overnight.
Ditterent concentrations of beeswax namely;
2.5, 5, 7.5 and 10% w/v in n-hexane, were
tested.

S- In-Vive evaluation of theophylline
microcapsules :

I-Tested formulations: Three sustained release
tormulations of the drug were prepared. Each
formulation contains a calculated amount of the
plain drug (initial dose) 1n addition to an amount
of microencapsulated drug (maintenance dose)
equivalent to 100 mg of theophylline'®. The
calculated amount of drug was filled into a hard
gelatin capsule. The prepared formulations were
denoted as B,C and D.

Formulation B: 36.1 mg of plain drug +
EC-coated microcapsules (core/coat 1:1 & 20%
polymer concentration).

Formulation C: 60.3 mg of plain drug +
microcapsules (As B but sealed by using 7.5%
w/v beeswax).

Formulation D: 47.83 mg of plain drug +
CAB-coated microcapsules (core/coat 1:1 &
20% polymer concentration).

100 mg of plain drug was filled into hard
gelatin capsule and denoted as tormulation A
(control).

The sustained release formulations were
tested at two, three and tour capsule-dose levels.

II- Administration of the tested formulations:

Ten hospitalized patients; 6 men & 4
women; 17-80 years of age and 45-70 kg of
body weight were participated in this study. Of
these patients, tive had bronchial asthma and
tive had chronic bronchitis. There was no
evidence of heart, liver or kidney diseases. All
patients were non smokers. No other drugs were
administered betore and during the study. After
a light breaktast, the tested doses were
administered at 9.00 a.m. with 50 ml of water.
No solid tood was allowed to be taken for at
least 3 hours after drug administration.




I1I-Blood sampling:

Venous blood samples (blank) were
immediately taken betore drug intake, then after
1,3,5,7,9,11 & 12 hours. The blood samples
were immediately centrifuged and the separated
serum was kept frozen until analysis.

IV-Determination of theophylline serum level:

A modiflied version ot the Schack and
Waxler"” method by El-Yazigi & Sawchuk® was
adopted. The serum sample was extracted with
chlorotorm containing 5% v/v isopropyl alcohol

after the addition of 0.4 mil of 0.1 N HCl/ml of

serum. The chlorotormic layer was then back

extracted with 0.1 N NaOH. The absorbance ot

the alkaline solution was read at 271 and 310
nm. The corrected absorbance of the sample was
calculated as

As:ampla — (AE'II—AEIO) sample (AETI-ABIO) blank

where A 1S the absorbance.
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RESULTS AND DISCUSSION

Theophylline microcapsules were prepared
by an emulsion-solvent evaporation method. The
adopted procedure are simple and 1eproducible.
The electron micrographs of the prepared
microcapsules (Figure 1) show monodispersed
spheres. Microscopical examination of the
monodispersed spheres indicated that each one is
surrounded by a cohesive and continuous film
provided by the coating polymer.

Table 1 shows that by increasing the CAB

concentration or the coat/core ratio, the

microcapsule size was found to be decreased. A
result which can be attributed to the enhanced
viscosity of coating solution. An effect which
keeps the drug particles in a monodispersed state
as small aggregates during emulsification and
while stirring. In case of using EC a coating
material; there 1s no significant variation in the
microcapsule size upon increasing EC
concentration.

The determined drug content of the prepared
microcapsules (Table 2) confirms the efficiency

ot the adopted procedure.
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Fig. 1: Electron Micrographs of Theophylline Microcapsules Prepared by the Use of Cellulose

Acetate Butyrate as the Coating Material.
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Table 1: Frequency Distribution ot Theophylline Microcapsules Prepared by Using

Difterent Coating Materials.

|—'Microcapsule
Fraction

size
Qm
< 63 - -- 4.63
63-90 - 39.24 18.11
50-200 60.73
200-315 60.76 14.34
315-400 -- 1.07
400-630 -- 1.12
630-710 -~ --

* The coat concentration: 10% w/v.
** The coat concentration: 20% w/v.

Amount of microcapsules in each fraction using
the following coating materials

Table 2: Drug Content of Theophylline Microcapsules Prepared by Using Different

Coating Materials.

Microcapsule
Fraction

63-90
90-200
200-315
315-400
400-630

* The coat concentration: 10% w/v.
** The coat concentration: 20% w/v.

The in-vitro release studies (Figures 2-7)
revealed the tollowing: In case ot CAB-coated
microcapsules, large sized microcapsules showed
a slower rate of release compared to those of
smaller size. A result that can be attributed to
the decrease in the surtace/volume ratio by

116

A

Drug content (w/w) using
the following coating materials

increasing the microcapsule size. The release
rate of the drug trom CAB-coated microcapsules
was tfound to be slower than that trom
EC-coated ones. The high release rate of
theophylline from EC-coated microcapsules
confirms the poor capability of EC as a coating
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Fig. 2: In-Vitro Release of Theophylline from its Microcapsules Prepared by Using Cellulose
Acetate Butyrate as the Coating Material at 10% Concentration and 1:1 Core/Coat Ratio.

Key: (A) 1n S.G.F. (B) in S.L.F.
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Fig. 3: In-Vitro Release ot Theophylline trom its Microcapsules Prepared by Using Cellulose
Acetate Butyrate as the Coating Material at 10% Concentration and 1:2 Core/Coat Ratio.

Key: (A) in S.G.F. (B) in S.I.F.
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Fig. 4: In-Vitro Release of Theophylline from its Microcapsules Prepared by Using Cellulose
Acetate Butyrate as the Coating Material at 20% Concentration and 1:1 Core/Coat Ratio.
Key: (A) in S.G.F. (B) in S.I.F.
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Fig. 5: In-Vitro Release of Theophylline from its Microcapsules Prepared by Using Cellulose
Acetate Butyrate as the Coating Material at 20% Concentration and 1:2 Core/Coat Ratio.
Key: (A) iIn S.G.F. (B) in S.I.F.
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Fig. 6: In-Vitro Release of Theophylline from its Microcapsules Prepared by Using Ethylcellulose
as the Coating Material at 10% Concentration and 1:1 Core/Coat Ratio.
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Fig. 7: In-Vitro Release ot Theophylline from its Microcapsules Prepared by Using Ethylcellulose
as the Coating Material at 20% Concentration and 1:1 Core‘/Coat Ratlo.
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material to retard the dissolution of sparingly
water soluble drugs from microcapsules, a result
which can be attributed to EC swelling in the
dissolution media with pore induction®. The
drug release rate from CAB-coated
microcapsules in simulated gastric tluid was
found to be slightly higher than that in simulated
intestinal tluid. This can be attributed to the
basic nature of the drug. Similar results were
found by Nakano™= er. al. working on
theophylline release from dried konjac gel and
sustained release tablets of the drug. The use of
coating polymer at 20% concentration was found
to give microcapsules with slower release rates
than those prepared at polymer concentration of

10%. A result that can be attributed to the high

viscosity of coating solution which helps the
formation of more cohesive and more continuous
film of the coating polymer around the core
particles. Increasing the CAB/drug ratio trom
1:1 to 2:1 was found to be accompanied by a
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decrease in the release rate. An effect which is
mainly attributed to the increase in coat
thickness by increasing coat/core ratio. The
eftect was only found on using CAB at 10%
concentration. However, at 20% concentration,
increasing the coat/core ratio leads to
microcapsules with higher release rates. A result
which suggests the formation of imperfect
microcapsules due to the inability of the highly
viscous coating solution to form a continuous
film around the drug particles. Similar findings
were noted by Madan er. al*.

The sealing treatment of EC-coated
microcapsules resulted in retardation of drug
release. The effect was more enhanced upon
Increasing the concentration of sealing solution
(Figure 8). The release of theophylline from its
microcapsules can be best described by the
ditfusion controlled mechanism (Higuchi’s

model)=.

Beesgwax Concentration t

Nil

2.5 &
5.0 %
T.5 %
10.0%

e« Q0 0 P

kig. 8: Effect ot Ditterent Concentration ot Beeswax on the In-Vitro Release of Theophylline from
its Microcapsules Prepared by Using Ethylcellulose as the Coating Material at 20%

Concentration and [:1 Core/Coat Ratio.

Key: (A) in S.G.F.
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From the in-vivo studies (Figure 9,10 & 11)
the following can be deduced: Sustained release
formulations maintained a nearly constant serum
theophylline levels tor a longer period of time in
comparison to the plain drug. The etfect is more
pronounced at 2 capsule-dose level. Increasing
the sustained dose trom 2 capsules to 3 or 4
capsules was found to be accompanied by an
Increase in the theophylline serum levels.
However, the increase in the serum level was
not proportional with the increase in the dose. A
result which can be explained on the basis that
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theophylline renal clearance may show
concentration dependence due to the diuresis
produced by the drug soon after administration.
~Similar results were obtained by Jerne et. al’. A
2 capsule-dose of the drug seemed to be
economical and sufficient to produce the desired
therapeutic concentration. Also, it is worthy to
ncte that there 1s no observed side effects
retlecting the absence of dose dumping.
Finally, the tested microcapsules are suitable
for tormulating sustained action products.
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Fig. 9: Theophylline Serum Level after Oral Administration (2 Capsule- Dose) of Plain Drug (A)
and Ditterent Sustained Reledse Formulations (B, C & D).
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Sustained Released Formulations.
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