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ABSTRACT

Metoprolol tartrate (MT) was encapsulated with Eudragit RS® by an emulsion-solvent evaporation method to develop a
controlled release dosage form. This process was efficient, reproducible and not time consuming. Different release characteristics

were obtained by changing the drug to polymer ratio and va

rying the percentage of aluminum tristearate incorporated in the

encapsulation medium as a smoothing agent. In the presence of aluminum tristearate, the formed microcapsules were typically

spherical and exhibited size distribution within a narrow range. High drug-to-polymer ratio resulted in increased microcapsule size
and drug release rate. The microcapsules showed pH-independent dissolution behaviour.

INTRODUCTION

Certainly, controlled release drug preparations
-widely used as dosage forms for the treatment of
several diseases - have been developed and marketed
both in oral and transdermal dosage forms. Advantages
and disadvantages of the systemic absorption of drugs
by transdermal methods and also controlled delivery
using many sub-unit doses in oral dosage forms have
been reviewed .

Metoprolol tartrate (MT) is a f-adrenergic
blocking agent used in the treatment of hypertension,
angina pectoris and cardiac arrhythmias. It is rapidly
metabolized in man with a plasma elimination half-life
of 2-4 h®, Because of its relatively short plasma half-
life the drug is normally prescribed 2-4 times daily.
Treatment for both hypertension and angina is long-
term, therefore an effective controlled release dosage
form of MT to be taken once or twice a day would be
very beneficial to the patient.

Controlled release oral dosage forms can be
fabricated as single-unit or multible-unit doses,
Microspheres, a multiple-unit dosage form, provide
several advantages over other sustained release
systems, especially matrix-type tablets. They improve
drug absorption and spread smoothly and uniformly in
the gastrointestinal tract and cause little risk of side
effects @9,

In the present study, MT sustained release
microcapsules were prepared with Eudragit RS® by an
emulsion —solvent evaporation method. This method is
generally known to be simple, reproducible and
cconomical “%, Eudragit RS® is widely used as
Coating material in the pharmaceutical preparations.
Chemically, it is a copolymer synthesized from acrylic
and methacrylic esters with a low content of quaternary
Mmmonium groups. Since Eudragit RS® film is only

”igh_‘ly permeable, drug release through the film is
"elatively retarded.
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Pharm. Co., Allemange, Germany) and Aluminum
tristearate (Nakari Chem. Co., Tokyo, Japan) were
used. Acetone (E. Merck, Darmstadt, Germany) and
mineral oil (liquid paraffin) were used as dispersion
media. N-hexane was used as a washing agent. All
other chemicals were of reagent grade and used without
further purification. -

Preparation of Metoprolol Microcapsules:
Microcapsules were prepared by an emulsion-
solvent technique. Eudragit RS was completely
dissolved in acetone (30ml). Aluminum tristearate and
MT were then added. The mixture was stirred at 250
rpm in 10°C water bath for 20 min and poured into
light mineral oil (liquid paraffin, 150 ml) and span 80
(1.5 ml). The system was gradually heated to 35°C in
order to evaporate the acetone. After the microcapsules
were formed, the liquid paraffin was decanted off and
the microcapsules were washed four times with
n-hexane (50 ml) and dried under reduced pressure at
room temperature. The preparative variables of
polymer drug ratio (1:1, 1:3 and 1: 9) and aluminum
tristearate  concentration were investigated. The
distribution of particle size was evaluated by pressing
the microcapsules through a set of sieves. To determine
the total drug content in the microcapsules; 100 mg of
microcapsules were accurately weighed and added into
chloroform (30 mil) to dissolve the polymer matrix and
MT was then extracted with distilled water (100 ml).
The amount of MT in the aqueous phase was assayed
spectrophotometrically at 232 nm.

Dissolution Studies:

The dissolution rate of MT from
microcapsules was studied in distilled water, 0.1 N HC]
(PH 1.2) or sodium phosphate buffer solution (pH
7.4)by using rotating-basket method (100 rpm) at 37+
0.5 °C. Samples of an accurately weighed amounts of
microcapsules (equivalent to 100 mg of MT) were
taken for the in vitro dissolution studies. The volume of
dissolution medium used was 500 ml. Aliquots of the
dissolution medium were removed and replaced with
fresh medium at appropriate time intervals and assayed
for MT by ultraviolet spectrophotometry. All samples
were run in triplicate.
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The tote of agitation, the rate of ’N_’.'ﬂmp, the
polymes/drag ratio and the concentration of additives
e important factors which affecting the particle size
and shape, the size of distribution and the vield of the
Table (1) indicates the MT content of
microcapsules and also drug loss. As seen in this table
highty  drup loaded mictocapsules  wepe obtained,
Incorporation efficiency was high since it ranged from
76 Y% 1o 87 %. N is clear that drup loading was not
altected by drup/polymer ratio. On the other hand,
stitring rate during the preparation of microcapenles

mrcracapsules

has shown an  influence on the particle sizes of
microcapsules.  As shown in table 2, increasing the
stiving  mte  decreases  the mean  diameter of

microcapsules  and reduces the size of dis

tributions. By
an mereased stirring 1

ate the resulting finer emulsion
produced smaller microcapsules and the increased rate
of apitation  prevented adhesion of smaller soft
microcapsules,

MT microcapsules were also prepared in the
presence  of different  concentrations
tristearate. Flocculation was clearly
no  aluminum tistearate was ndded
Microcapsules were completely fc
of a small amounts of aluminum tristearate. Iy was
found that  with 49, aluminum tristearate, the
microcapsules weré nearly uniform and free-flowing
with a good reproducibility. It has been reported that
aluminum  tristearate reduces the interfacial tension and
prevents electrification and  flocculation during the
preparation of microcapsules"”,  However, addition
of excess aluminum tristearate (7-15%) to the
system resulted in a  large  amount of aggregates
since the electric charge of Eudragit RS was
redoced. progressively by adsorption of aluminum
tristearate """ The actual drug content increased with
the amount. of aluminum tristearate added. It ig
considered that aluminum tristearate cooperates to
build a dense surface of the microcapsules and prevents

of aluminum
recognized when
into the system,
wmed in the presence
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leabage of the drug into the dispersion medinm d"ting
the micropelletization process,

Table (1) Mean particie
microcapules

size and drug content

af ’4"
prepared  in

! different drug.
"‘ﬂ!??”" 1.3“?.

"';"“ |4|,.;'_ Theoretie st AH!V
NP Parterte Drug D n
Retis Sive Cormtred %% Crmtera %, rf'rwm._’
1 Mt 0 13 0
—
11 471 %0 192 5
—
19 10es nn 17 270
—

Table (2) Pffect of stitring rate on the mean particle size of
the prepared MT mictocapsules,

T ——
Theotetical Artay Drug . .
Stitting Rate Drug Content % Contert %, Particle sizs
2500 250 19.2 11630
1500 250 I8 S 296.6
12000 250 190 2719

Table (3) Entrapment of drug within MT-Eudragit RS

mictocapsules,
Amount of Aluminum MT content (w1 %
Trnittearste (wt %) ical content 50 %)
1.5 1327
25 26.84
4.0 39.50
70 4146
150 4364

In vitro dissolution studies

The  dissolution rate profiles of MT
microcapsules determined by the rotating basket
method  are shown in Figures (1-3) Each point
represents the average of three experiments. As shown
in Figure (1) the rate of dissolution of MT from
Eudragit Rs microcapsules was related to the
concentration of (he polymer used. The higher the
polymer/drugp ratio, the slower the release rate of the
drug. This might be attributed to the lower porosity and
thicker wall of the microcapsules that were prepared b_y
using the higher concentration of Eudragit RS. !‘ s
considered that g b gher polymer/drug ratio resultsin 2
longer diffusion path, so that release is retarded. 'E‘;f
same observation was also made in another study -
Figure  (2) shows the release of drug from
microcapsules prepared in presence of dm‘eren:
concentrations of aluminum tristearate It was found tha
the most prominent effect on the drug release
retardation  was  attajned by using 4% 91“'“‘"‘"3
tristearate, This implies that the microcapsules P“’P"“ct
under these conditions have very smooth and °°mP3"e
surfaces with few pores. The effect of pH of
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flissoltllion medium on (he drug release was
investigated. It is clear from figure (3) that the rclcas;:
of drug from Eudragit RS microcapsules is independent
of the pH of the dissolution media. Thercfore, it is
conc'lud.cd that the drug permeability of Eudragit RS
gnm.nx is consistent and drug release is not affected by
:ndltvidual variations within the milicu of the digestive
ract, .

Drug release mechanism:

T!le releasc rales were determined by linear
regression analysis using special soflware program. The
main models which have been suggested to describe
drug release kinctics from microcnpsm;lcs arc zero-order
model, first-order model and matrix model. These
models have been discussed and the zero-order model
was found to be inapplicable since rclease was non-
linear (Fip.1).

Figure 4 illustrates the rclease profiles of MT
when plotted as the logarithm of the percent remaining
drug as a function of time. A lincar relationship
indicating a first order release was oblained up fo the
end of 60 min (in case of polymer/drug ratio 1:1) and 3
hr (in the case of polymer/drug ratio 4:1). However, a
discontinuous  linearity was obtained thereafier,
indicating that another mechanism may be followed. It
is known that the rate of release from a planar matrix is
usually proportional to the square root of time R
while the release from spherical matrices has been
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described by DBaker and Lonsadle (1) The release data

replotted asa function of square-root of time to test the
adaptability of the drug release to Higuchi mod'cl. Tl?c
findings according to Iiguchi equation are given in
Fig. (5). An equation derived by Higuchi (14) and
DRaker and Lonsadle ¥ was uscd:

3/2[1-(1 —F)2/3]-]7=K T
Where: F is the fraction of drug released,

K is a constant

T is the time, ‘
drug releascd was plotted against

time (Fig. 0)to testthe adaptability of the relcase data
(o the previous equation. Tt was found that MT release
process from ils microcapsules obeyed the Baker and
Lonsadle model well ata high polymer/drug ratio and
deviated slightly at lower polymer/drug ratio. This
indicated that the microcapsules exhibited a matrix type
drug relcase.

In conclusion, controlled
microcapsules of metoprolol can be prepared by using
the emulsion-solvent ~ evaporation technique. This
process is very simpie, economical and also convenient
{0 scale up to a commercial Jevel.

The release profiles of these microcapsules
can be modified by controlling Eudragit concentration
and by changing the aluminum tristearate ratio, In vitro
dissolution findings showed that the drug release
appeared to fit the Higuchi matrix model.
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Fip. (1) [ Tect of different polymer/diug ratios on release profiles of MT
- Microcapsules. MT:Eudragit RS 121 (1), 1:3 () and 1:9 (0).
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Fig. (4) First-order MT release profiles from microcapsules prepared

using different polymer/drug ratios.MT-Eudragit-RS 131 (4), 1:3 (V) and
. 1:9 (A). - .
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Fig. (5) Release profiles of MT Microcapsules when plotted according to
- the diffusion model. MT : Eudragit RS 1:1 (A), 1:3 (4) and 1:9 (=)
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Fig (6) Fraction of drug released from microcapsules plotted against time
for batches containing different drug polymer ratios 1:1 (D) 1:3 (0)and

1:9 (4).
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