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ABSTRACT

Metoclopramide (MCP) is a dopamine D, receptor antagonist, used as antiemetic to treat
gastrointestinal disorders. Dosing frequencies of MCP are high due to shorter duration of action
(5%1h). Frequent administrations results in plasma drug level fluctuations which contribute
toward extra pyramidal effects and hence less patient compliance. To avoid such effects,
sustained release formulation may be developed to achieve drug release at a predetermined rate
to obtain desired plasma drug profile. The purpose of the study was to form matrix tablets of
MCP and to evaluate the relationship of different concentrations of HPMC and EC in order to
achieve zero order release. For preparing matrix tablets MCP and various percentages of HPMC
and EC polymers were blended and formulated into matrix tablets by direct compression.
Formulations were evaluated for physical parameters and in vitro dissolution properties over a
period of 12 hours. Drug release kinetics was analyzed by applying a number of release kinetic
models. Release kinetics of MCP from matrices was principally regulated by HPMC and EC.

Increased concentrations of EC delayed drug release. F1, F2 corresponded best to Hixon-crowell
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and gave 100% release for 12 hours while F10 and F13 corresponded best to zero order kinetics
and gave 100% release for 12 hours by super case II transport mechanism. The sustained release
matrix tablets of MCP, with less concentration fluctuations, are a good alternate compared to
conventional oral dosage forms.

Keywords: Metoclopramide, HPMC, EC, matrix tablet, sustain release, kinetics
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INTRODUCTION
Metoclopramide hydrochloride (MCP) is a
dopamine D, receptor antagonist, used to
treat gastrointestinal disorders such as nausea
and vomiting by acting on the lower
esophageal sphincter [1, 2]. The shorter
biological half-life (5 h) and rapid
gastrointestinal absorption demands frequent
dosing. With frequent dosing, the plasma
drug concentrations fluctuate and cause extra
pyramidal side effects [1, 3]. To avoid
effects and

undesired frequent

administrations to improve  patient
compliance, a formulation which can control
the drug release rate may be developed. MCP
being a BCS class IIl drug (high water
solubility and low permeability) may be a
good candidate for developing an oral
controlled drug release system.

Matrix system is an earliest oral extended
release system for medicinal use which
provides continuous drug release. Matrix
tablets are most commonly used dosage form
which optimizes the plasma drug levels by
controlling the drug release from the
formulation into gastrointestinal  track.
Matrix tablets are reliably useful, especially
for high potency drugs, as they offer high
safety margin, increased patient compliance
and doses.

by reducing side effects

Hydrophilic matrix system are widely

developed as they are cost effective and
easily prepared with desired release profiles
[4]. The hydrophilic polymer, such as
Hydroxypropyl methylcellulose (HPMC), in
contact with aqueous medium swells and
forms gel on the surface of the system. Then
drug releases by dissolution, diffusion and/or
erosion phenomena [5, 6]. Hydrophilic
matrix containing hydrophilic polymer alone
is not suitable for highly soluble drugs to
provide extended release so a hydrophobic
polymer may be added to achieve desired
drug release rates. HPMC is used as a first
choice in hydrophilic matrix as it is stable
over a wide pH range (3-11), nontoxic, inert
and provide a robust mechanism for
controlled release [7]. Hydrophobic matrix
containing hydrophobic polymer, Ethyl
cellulose (EC) alone, is also not suitable for
sustain drug delivery as it slows the drug
release below optimum level and high cost is
required for development [8]. A matrix
system adding a hydrophobic polymer along
with hydrophilic polymer may best be
employed to achieve desired release profiles
[9]. The present study was undertaken to
develop matrix tablets of MCP by using
different ratios of hydrophilic swellable
polymer; HPMC and a hydrophobic, almost

non swellable  polymer; EC. The
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formulations developed with different
concentrations of two polymers were then
evaluated for physical properties and
dissolution profile by employing various
release kinetic models.

MATERIALS AND METHOD

Materials

Metoclopramide hydrochloride (generously
donated by Medi Search Pharma Pvt. Ltd.),

Hydroxypropyl methylcellulose K4M(Merck,

Germany),  Ethyl  cellulose  (Merck,
Germany), Avicel pH 102  (Uni-
Chem),Polyvinyl pyrollidone (Merck,

Germany), magnesium stearate (Uni-Chem),
Talc (Uni-Chem), Hydrochloric acid (BDH,
England) and potassium  dihydrogen
phosphate (Fluka, Germany).

Preparation of tablets

For preparation of MCP matrix tablets, the
ingredients were sieved and the drug was
thoroughly mixed with rate controlling
polymers as given in Table 1. Each drug-
loaded matrix tablet contained 100 mg of
MCP. The polymers i.e., HPMC and EC
were added in amounts from 5-25% w/w,
avicel in 17-37% w/w, PVP added in 5%
w/w, while magnesium stearate and talc in
2% and 1% w/w concentration respectively
in each formulation to formulate each tablet
of 200 mg weight. The polymers, drug and
additives were blended thoroughly with
pestle and mortar. Then, 200 mg of the
mixture was weighed and fed manually into
the die of a single-punch machine to produce

tablets using flat-faced punch.

Table 1: Formulation of MCP sustained release tablets using HPMC and EC as rate controlling polymers

Code Drug HPMC EC PVP Avicel 102 S tz;lf‘;a te Talc Weight

mg % mg % mg % mg % mg % mg % mg mg
F1 100 5 10 - - 5 10 37 74 2 4 1 2 200
F2 100 10 20 - - 5 10 32 64 2 4 1 2 200
F3 100 15 30 - - 5 10 27 54 2 4 1 2 200
F4 100 20 40 - - 5 10 22 44 2 4 1 2 200
F5 100 25 50 - - 5 10 17 34 2 4 1 2 200
Fé6 100 - - 5 10 5 10 37 74 2 4 1 2 200
F7 100 - - 10 20 5 10 32 64 2 4 1 2 200
F8 100 - - 15 30 5 10 27 54 2 4 1 2 200
F9 100 - - 20 40 5 10 22 44 2 4 1 2 200
F10 100 - - 25 50 5 10 17 34 2 4 1 2 200
F11 100 5 10 20 40 5 10 17 34 2 4 1 2 200
F12 100 10 20 15 30 5 10 17 34 2 4 1 2 200
F13 100 15 30 10 20 5 10 17 34 2 4 1 2 200
F14 100 20 40 5 10 5 10 17 34 2 4 1 2 200

1228

IJBPAS, July, 2018, 7(7)




Maryam Shabbir et al

Research Article

Characterization of granules

Prior to compression, the granules were
evaluated for their flow properties. Angle of
repose was determined by the funnel method,
whereas bulk density and tapped density
were evaluated by cylinder method. Carr’s
index and angle of repose were calculated
respectively by the formulas given below.
Carr’s Index = (Tapped density — Bulk
density) / (Tapped density) * 100

Angle of repose = tan © = (Height)/ (Radius)
Characterization of tablets

The properties of compressed tablets, such as
hardness, friability, weight variation and
content  uniformity were  determined.
Hardness by Monsanto hardness tester
(n=10) was determined. Friability was
determined by friabilator (Curio, Pakistan).
Weight variation testing was carried out as
per USP stated procedure (n= 20).

For content uniformity, 10 tablets were
crushed and powder equivalent to 200 mg
was taken. The powder was dissolved in
phosphate buffer pH 6.8 on magnetic stirrer.
A sample of 5 ml was taken, filtered,
appropriately  diluted and  analyzed
spectrophotometrically for absorbance at 309
nm.

In vitro dissolution studies

The effect of simulated gastric fluid (SGF)

and simulated intestinal fluid (SIF) on the

release characteristics of selected formulation
was determined. The release profile was
evaluated in a medium of SGF for 2 hours in
dissolution apparatus containing 750 ml of
pH 1.2. Then, 250 ml of 0.2M potassium
dihydrogen phosphate (KH,PO4.12H,0) was
added in the dissolution basket to raise pH of
the medium to 6.8 and total dissolution
volume to 1000 ml. A sample of 5 ml was
withdrawn after a suitable time interval over
a period of 12 hours. The sample was filtered
and analyzed spectrophotometrically at 309
nm.

Data analysis

The percentage drug release from the matrix
tablets was fitted to zero order, first order,
Higuchi equation and Hixson-Crowell model.
As these models do not explain drug release
mechanism due to swelling (upon hydration)
thereby the dissolution data was also fitted
into Korsmeyer Peppas equation[10].
According to exponential equation, a value of
n<0.5 indicates Fickian diffusion, 0.5<n<1.0
non-Fickian (anomalous) release, n=1.0 zero
order release, while n>1.0 indicates super
case II (erosion) transport [11].

RESULT AND DISCUSSION

Flow properties of granules

Before compression, the formed granules

were evaluated for their flow properties.

Angle of repose andCarr’s index (%) were
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evaluated as given in Table 2. The
formulations from F1 to F10 showed good
flowability as shown by < 40° angle of repose
and percentage compressibility as shown by
<20 [12]. The granules developed for F10 to
F14 showed excellent flowability as shown
by angle of repose <30°. This indicated that
HPMC and EC both contributed towards
improved flow properties.

Tablets characteristics

Hardness, thickness and content
uniformity

The compressed tablets were evaluated for
hardness and ranged between 9.40 to 10.9N
(Table 3). The results showed that prepared
tablets can withstand the stress and pressure
during handling, packaging and
transportation. The weight of tablets were
within 198.3 to 205.5 mg which complied
with the official limits of USP for 200 mg
tablet, i.e. an allowed percentage deviation of
+7.5%.

The friability of all formulations was less
than 1% conforming to the official
compendia. This indicates that formulations
showed good strength against shock or
mechanical abrasion. The drug content was
determined analytically for absorbance at
309nm. The content levels for all the

formulations ranged from 97.48% to 99.78%

which conform to the official limits stated in
USP, i.e. £15% [13].

In vitro dissolution

HPMC is most commonly used hydrophilic
polymer for designing matrix drug delivery
systems. It is mixed alkyl hydroxyalkyl
cellulose ether containing methoxyl and
hydroxypropyl groups. The degree of
hydration depends on the nature of these
substituent present in HPMC. Specifically,
the rate of hydration increases with increase
in the hydroxypropyl content. In the present
study, HPMC K4M was wused as a
hydrophilic matrix agent because of its
ability to form a viscous gel on contact with
Formulations ~ were

HPMC

aqueous  medium.

developed by increasing
concentration from F1-F5. With an increase
in HPMC from 5% to 25% concentrations,
faster release was achieved. t;so, Wwas
achieved in 8.6 hours for formulation F1 and
F5 released the same amount of drug in just
7.3 hours as given in Table 4. Faster release
of drug from matrix was probably due to the
rapid hydration of polymer resulting in faster
dissolution of the highly soluble drug.
Hydrophilic polymer HPMC is considered
for most formulations as it gives an initial
burst release by forming a viscous gel

immediately [14]. The percentage drug

release with respect to time for formulation
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F1-F5 is shown in Figure 1.A binder such as
PVP (K 30) may be added in hydrophilic
matrix to retard release of water soluble drug
[15]. As the solubility of HPMC is pH
independent, therefore increase folds of drug
release was seen in both SGF and SIF (pH
1.2 and pH 6.8 respectively) as indicated by
29.0% drug release for F1 to 37.68% for F-5
after 2 hours[16].

Formulations F6 to F10 were developed by
adding EC in concentrations in range from
5%-25%. With increasing proportions of EC
there was an evident increase of drug
dissolved percentage in SIF and decrease in
burst effect in SGF as less than 10% of the
drug released from F6 to F10 at increased EC
concentrations. tyso, release was achieved
after 7.6 hours in F-6 having 5% EC while
with 25% EC, the same percentage release
8.7 hours.
diffusional path length of EC formed matrix

was delayed to Increased
with less porosity reduces water penetration
through the micropores resulting in slower
drug release [17]. The release of drug in
acidic medium at pH 1.2 indicated a much
lower release rate with an increase in EC
concentration. Thus, EC can retard the drug
release in lower pH, possibly due to polymer
hydrophobicity and its solubility in alkali
solution[18]. The percentage drug release of

formulations with increasing EC

concentration with respect to time is shown
in Figure 2.

The formulations F11 to F14, having both
HPMC and EC, showed t7s9, in a range of 7.6
to 10.75 hours after administration. The
formulation F11 and F12 showed sustained
release but even after 12 hours 100% drug
release was not achieved. Formulation F13
showed sustained and 100% release in 12
hours. The rate of drug release in SGF was
less than 5% in acidic medium. This is
attributed to the decreased penetration of the
solvent molecules into the hydrophobic
polymer which leads to decreased diffusion
of drug from the matrix system [19]. The
percentage drug release of FI11-F14 with
respect to time is shown in Figure 3.

The formulations F1 and F2 followed
Hixson-Crowell model which signifies
dissolution from the planes was parallel to
the surface. The formulations F3, F4 and F5
followed Higuchi model as best fit;
indicating diffusion as release kinetics. F6 to
F14 followed zero order kinetics i.e. drug
release was independent of the drug
concentration. To study the drug release
behavior, Korsmeyer-Peppas model was
applied. F1 to F6 and F14 showed non-
fickian release explaining both diffusion and

erosion as the main release mechanism

indicated by values in a range 0.45-0.89.
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Formulations F7 to F13 revealed super case

IT transport mechanism which

signifies

erosion of polymer as drug release behavior

[11, 20, 21].

Table 2: Flow properties of MCP granules prepared for direct compression

Code Carr’s index (%) Flow property Angle of repose Flow property
F1 13.39 Good 31.85° Good
F2 17.12 Fair 33.14° Good
F3 18.02 Fair 33.27° Good
F4 16.33 Fair 35.78° Fair
F5 17.30 Fair 36.17° Fair
F6 15.00 Good 32.45° Good
F7 9.09 Excellent 33.00° Good
F8 12.50 Good 28.45° Excellent
F9 12.00 Good 32.12° Good

F10 5.88 Excellent 29.53° Excellent
F11 4.76 Excellent 25.50° Excellent
F12 15.00 Good 29.25° Excellent
F13 9.80 Excellent 25.80° Excellent
F14 12.50 Good 29.63° Excellent
Table 3: Physical and chemical evaluation of sustained release tablets of MCP (£S.D.)
Code Hardness Thickness Weight Friability Content uniformity (mg)
(kg) (mm) (mg) (%)
F1 10.3+0.5 3.55+0.15 203.2£1.5 0.15 99.78+1.2
F2 9.6+0.3 3.50+0.23 201.6+0.5 0.52 97.57+0.8
F3 9.8+0.3 3.60+0.10 202.2£1.0 0.41 98.43+0.2
F4 9.7+0.6 3.75+0.36 198.3+1.0 0.24 99.21+0.7
F5 9.5+0.1 3.75+0.15 205.4+2.5 0.61 98.84+0.4
Fo 10.4+0.6 3.50+0.63 200.2+0.0 0.49 99.48+1.1
F7 10.9+0.4 3.65+0.42 201.3£0.5 0.15 99.15+0.5
F8 9.8+0.6 3.70+0.21 203.0£1.5 0.28 98.27+0.4
F9 9.9+0.2 3.40+0.16 199.4+0.5 0.40 99.73+0.1
F10 10.0+0.4 3.55+0.42 202.6£1.0 0.24 98.79+0.6
F11 10.5+0.1 3.45+0.26 199.2+0.5 0.37 97.48+1.0
F12 10.6+0.6 3.45+0.10 200.6+0.0 0.45 98.92+0.7
F13 9.70+0.2 3.35+0.42 202.4£1.0 0.49 99.67+0.5
F14 9.40+0.4 3.70+0.27 205.5+2.5 0.20 99.15+0.8
Table 4: Drug release profile of sustained release tablet of MCP
Code ‘ tas0, ts0% 5o t300 tooe
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F1 2.87 5.74 8.61 9.18 10.33
F2 2.74 5.48 8.22 8.77 9.86
F3 2.65 5.30 7.95 8.48 9.54
F4 2.62 5.24 7.87 8.39 9.44
F5 2.43 4.87 7.30 7.79 8.76
Fo6 2.56 5.11 7.67 8.18 9.20
F7 2.69 5.37 8.06 8.60 9.67
F8 2.75 5.51 8.26 8.81 9.91
F9 2.77 5.54 8.31 8.87 9.98

F10 2.91 5.82 8.72 9.30 10.47
F11 3.59 717 10.76 11.47 12.91
F12 3.23 6.46 9.69 10.33 11.62
F13 3.06 6.13 9.19 9.81 11.03
F14 2.57 5.13 7.70 8.21 9.23

Drug release (%)

=——F1 ——F2

F3 =¢=F4 —=F5

Time (h)

Figure 1: In vitro dissolution profile of formulation containing HPMC as release retardant

120 A

Drug release (%)

—o—F6 —#—F7

F8 ==¢=F9 -%=F10

Time (h)

Figure 2: In vitro dissolution profile of formulation containing EC as release retardant
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Figure 3: In vitro dissolution profile of formulation containing EC as release retardant

Table 5: Kinetic models of sustained release tablets of MCP

Code Zero (grder First Qrder Higuzchi KIZ’ n Hixson growel
R R R R R

F1 0.9544 0.9407 0.9294 0.9850 0.754 0.9596
F2 0.9130 0.9581 0.9581 0.9873 0.663 0.9663
3 0.8800 0.9485 0.9709 0.9879 0.618 0.9555
F4 0.8640 0.9257 0.9656 0.9790 0.607 0.9364
F5 0.7992 0.9455 0.9760 0.9796 0.557 0.9580
F6 0.9613 0.9185 0.8727 0.9677 0.863 0.9547
F7 0.9855 0.9186 0.8699 0.9867 0.926 0.9545
F8 0.9912 09191 0.8649 0.9913 0.956 0.9541
F9 0.9918 09113 0.8519 0.9911 0.995 0.9476
F10 0.9960 0.9262 0.8640 0.9959 0.976 0.9583
F11 0.9771 0.8932 0.7720 0.9984 1.297 0.9230
F12 0.9757 0.8737 0.7688 0.9977 1.301 0.9092
F13 0.9878 0.8879 0.8024 0.9972 1.187 0.9239
F14 0.9622 0.9173 0.8705 0.9678 0.869 0.9540

CONCLUSION friability, hardness, drug content and weight

Matrix tablets of MCP were prepared by
adding different percentages of HPMC and
EC. Direct compression method was adopted
for preparation of matrix tablets. The
comparative studies of all formulations
revealed that MCP release was affected by
the proportions of added polymers. The

formulations complied with requirement of

variation given in official compendia. The
release kinetics showed diffusion, erosion
and a surface dissolution as the release
mechanisms. Formulation F13 corresponded
to satisfactory sustained release upto 12
hours. The initial gastric release (pH 1.2) due
to HPMC was also reasonable with zero

order, super case II drug release mechanism.

IJBPAS, July, 2018, 7(7)
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Therefore, by adding HPMC and EC, MCP
matrix tablets can be well formulated for
sustained drug delivery.
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