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ABSTRACT

Metoprolol succinate (M.succinate), a BCS Class I drug is the most widely prescribed anti-hypertensive drug and is considered to be safe. Owing to
its high solubility, fabrication of an extended release matrix formulation becomes extremely challenging. Hydrophilic matrix polymers are the
preferred systems for developing an extended release formulation. However, for highly soluble drugs, it fails to retard drug release alone thus
necessitating addition of other hydrophilic or lipophilic release retardants.

Objective: The objective of the present work was to develop extended release tablets of m.succinate by melt granulation technique using a
combination of hydrophilic swellable polymer (HPMC) and meltable binder.

Methods: Optimisation of the formulation was carried out with respect to polymer type (varying viscosity grades), HPMC concentration (10-50%),
nature of meltable binders (stearic acid, glycerylmonostearate, hydrogenated soyabean oil and PEG 6000) and type of diluents (MCC, lactose, DCP).

Results: A combination of stearic acid and HPMC K100M could effectively extend release of m.succinate for 24 hours. Moreover, factors like drug to
HPMC ratio and drug to stearic acid ratio were found to have significant effect on m.succinate release.The gel texture analysis of the tablet compacts
provided good correlation of gel layer thickness and strength upon hydration with the release pattern and swelling behavior. The tablets were
found to be stable for a period of six months.

Conclusion: Melt granulation technique was successfully attempted to formulate stable extended release matrices of m.succinate, a highly water

soluble drug.
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INTRODUCTION

Development of oral sustained release matrix systems for highly
water-soluble drugs poses one of the major challenges to the
formulation scientist. This challenge can be attributed to key factors
like high water solubility of drug leading to burst release, lack of
control over polymer relaxation/disentanglement related to drug
dissolution and diffusion, compensation for an increase in the
diffusional path length which is not easily achieved with time[1].
Matrix systems are preferred among the oral controlled drug
delivery technologies because of their ease of manufacture, higher
reproducibility and stability of dosage forms, process validation and
industrial feasibility due to easy scale-up [2]. A wide miscellanea of
polymers employed as release retardants can broadly be classified
into three categories: Plastic matrix systems/insoluble or skeleton
matrices where drug release is controlled by liquid penetration into
the matrix, hydrophobic matrix systems/water insoluble matrices
comprising of waxes and lipids where drug release is controlled by
diffusion and erosion, hydrophilic/swellable matrix systems where
drug release is governed by swelling, diffusion and/or erosion
mechanisms. Hydrophilic polymer matrix systems are first choice
for development of oral controlled drug delivery systems owing to
their versatility to deliver desirable drug release profile, cost
effectiveness and broad regulatory acceptance. However, controlling
release of highly water soluble drugs using hydrophilic polymers
alone is limited and leads to burst release in the initial hours due to
rapid diffusion of the dissolved drug through the hydrophilic gel
network. Thus, inclusion of a secondary release retardant to tailor
the release profile becomes indispensable.

Metoprolol succinate, a BCS class I drug belongs to the therapeutic
category of cardioselective beta blocker. It is readily and completely
absorbed throughout the intestinal tract [3,4,5] but is subjected to
extensive first pass metabolism resulting in incomplete
bioavailability (about 50%). After a single oral dose, peak plasma
concentrations occur after about 1-2 hours. The plasma half-life of
the drug varies from 3 to 6 hours which necessitates administration
of conventional formulations up to 4 times daily [6]. Additionally, -

mediated adverse effects such as hypotension, dizziness, fatigue or
headache warrants the development of extended release
formulation of metoprolol.

Several attempts of formulating m.succinate into controlled release
dosage forms have been reported. P. Albin et al reported formulation
of metoprolol microspheres using spray drying and microcapsules
based on phase-separation technique [7]. A multiunit system based
on ionic interactions consisting of a drug layered, Eudragit® NE-
coated salt core followed by coating with Eudragit® RS was
attempted [8]. Sustained release microspheres formulation using
chitosan polymer by cross-linking technique has also been described
[9]. In situ thermo reversible nasal gel of m.succinate having a longer
residence time is also reported [10].

Melt or thermoplastic granulation is an agglomeration process
where granules are obtained due to softening or melting of binders
that are heated to near or above their melting point (50-80°C). This
technique is widely used as an alternative to conventional
granulation methods viz. wet granulation, roller compaction, fluid-
bed granulation, etc. since it obviates the need of water or organic
solvents. Moreover, it enhances compressibility and flow
characteristics, provides good stability at various pH and moisture
levels. Above all, the technology can be scaled up easily and is
suitable for determination of granulation end point [11]. As a single
step process, it can be employed for various applications by suitably
selecting the binders. Lipophilic/hydrophobic binders such as fatty
acids and alcohols, microcrystalline waxes, paraffin and glycerol
esters are used for sustained release applications, while hydrophilic
binders such as polyethylene glycols are well suited for immediate
release purposes. Furthermore, it has not been attempted before for
developing extended release matrices of m.succinate.

In light of the above discussion, the purpose of the work was to
develop extended release matrix system of m.succinate using melt
granulation technology. Furthermore, the effect of various
formulation variables like polymer concentration, polymer viscosity,
meltable binders and fillers with respect to drug release, gel texture
and swelling behaviour were investigated.
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MATERIALS AND METHODS

Metoprolol succinate was generously provided as gift sample from
Aurobindo Pharma. Ltd. HPMC (Methocel® K100M, K15M and K4M
Premium grade) and Sterotex® HM, NF was kindly supplied by
Colorcon, Mumbai and Abitec Corp., Mumbai. Polyethylene glycol(PEG)
6000, Stearic acid and Glycerolmonostearate(GMS) purchased from
S.D Fine Chemicals, Mumbai were used as meltable binders.

Melt granulation and formulation of tablets

Melt granulation was performed using a laboratory scale Hobart
mixer. The granulationprocess with respect to speed and time was
standardized on thebasis of preliminary trials. The compositionof
different formulations can be found in table 1-4,expressed as %
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(w/w). The mixture composed of m.succinate and meltable binder
was blended at an impeller speed of 100 rpm for 10 minutes
followed by heating up to the melting point of the binder. The
granules thus obtained were cooled to ambient temperature with
successive sieving (mesh 40), addition of HPMC, lubrication and
compression on the rotary tablet press equipped with a 11mm flat
punch. The breaking strength was measured using texture analyser.

Micromeritics of formulation blend

Flow properties of the pre compression blend were determined by
measuring the angle of repose (o), Compressibility Index (CI) and
Hausner ratio(HR). Angle of repose was measured by glass funnel
method. The compressibility index and hausner ratio were
measured by USP method I using a graduated cylinder.

Table 1: Formulation batches with different meltable binders

Ingredients Stearic acid Glycerylmonostearate Sterotex HM PEG 6000
Metoprolol succinate 28 28 28 28
Meltable binder 14 14 14 14
HPMC K100M 40 40 40 40
Avicel PH 101 16.5 16.5 16.5 16.5
Talc 1 1 1 1
Magnesium Stearate 0.5 0.5 0.5 0.5
Hardness (kg/cm?) 5.5-6 4 4 4
*Quantities are expressed as %w/w

Table 2: Formulation batches with varying viscosity grades of HPMC
Ingredients K4M K15M K100M
Metoprolol succinate 28 28 28
Stearic acid 14 14 14
HPMC 40 40 40
Avicel PH 101 16.5 16.5 16.5
Talc 1 1 1
Magnesium Stearate 0.5 0.5 0.5
Hardness (kg/cm?) 5 4-5 3.5
*Quantities are expressed as %w/w

Table 3: Formulation batches with varying concentration of HPMC

Ingredients 10% 20% 30% 40% 50%
Metoprolol succinate 28 28 28 28 28
Stearic acid 14 14 14 14 14
HPMC K100M 10 20 30 40 50
Avicel PH 101 46.5 36.5 26.5 16.5 6.5
Talc 1 1 1 1
Magnesium Stearate 0.5 0.5 0.5 0.5 0.5
Hardness (kg/cm?) 5.5-6 5.5 4-5 3.5 3

*Quantities are expressed as %w/w

Table 4: Formulation batches with varying diluents

Ingredients Lactose Avicel PH 101 Dicalcium phosphate
Metoprolol succinate 28 28 28

Stearic acid 14 14 14

HPMC 40 40 40

Diluent 16.5 16.5 16.5

Talc 1 1 1

Magnesium Stearate 0.5 0.5 0.5

Hardness (kg/cm?) 5 4-5 5

*Quantities are expressed as %w/w

Physical characterisation of tablets

The compressed tablets were evaluated for hardness, friability,
weight variation, content uniformity using USP methods.Friability
was tested using Roche friabilator, hardness wasmeasured using
texture analyser and dimension of the tablets were determined
using digital vernier calliper.

Differential Scanning Calorimetry

The melting behaviour of binders in presence of m.succinate was
determined using differential scanning calorimetry (TA 2920, T.A.
Instruments) by monitoring their characteristic endothermic peaks.
A sample of about 5 mg wassealed in a hermetic aluminium pan and
scanned between 30and 200°C at a heating rate of 5°C/min.
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In vitro dissolution studies

Dissolution studies were performed in triplicate using the USP 25
type Il apparatus (Electro lab) at a rotational speed of 50 rpm using
900 ml of pH 6.8 phosphate buffer as the dissolution medium at 37 +
0.52C. Samples were withdrawn at predetermined time intervals
during 24 hours, filtered, diluted suitably and assayed
spectrophotometrically (UV-1088,Shimadzu, Japan)at 223 nm.

Dissolution Kinetics

The mechanism of drug release from the matrices was elucidated by
fitting the dissolution data to the following mathematical models:

Zero order equation, fi = Kot, where f; is the fraction dissolved at time
t and Ko is the apparent dissolution rate constant or zero order rate
constant

First-order equation, logQ:= logQo- Kit/2:303 ,where Q: is the
amount released at time ¢, Qo is the initial amount of drug in solution
and K; is the first order rateconstant.

Higuchi’s equation, Fi= Ky - t¥/2,where Ft is the fraction dissolved at
time t and K& is the Higuchi dissolution constant.

Korsmeyer Peppas’s equation (Power law),M: /M=Kt ,where M.
/Myis the fraction of drug released up to time t, K is the kinetic
constant incorporating structural and geometric characteristics of
the tablets and n is the diffusional exponent indicating the release
mechanism. The value of n for a cylinder is <0.45 for Fickian release,
>0.45 and <0.89 for non-Fickian transport and n = 0.89 for the case
Il release and >0.89 for super case Il type release [12].

Swelling Studies

The influence of swelling and erosion behaviour on drug release was
evaluated according to the reported method [13].Matrix tablets were
introduced into the dissolution medium as per the aforesaid
conditions for release studies. The tablets were removed
periodically and swollen weight of each tablet was determined.
Swelling was calculated as per the following formula: % Swelling =
(Wt-Wo)/Wo *100; where, Wt is the weight of the matrix after
swelling and Wo is the initial weight of the matrix.

Gel texture analysis

The textural profiles of the swollen tablets were analysed by placing
them in the dissolution medium at 37 * 0.52C in the USP paddle
apparatus at 50 rpm to simulate the in vitro dissolution process. The
swollen tablets were removed at predetermined intervals over a
period of 24h. Texture Analyzer (CT3,Brook field USA) equipped
with Texture expert software was employed using the following
parameters-type of probe: round flat tipped (2mm diameter and 30
mm height), test speed: 0.1 mm/s and maximum force: 800g. The
force-displacement profiles recorded during the probe penetration
process indicated the dynamics of matrix hydration, swelling and gel
strength.

Batch Reproducibility

The similarity factor (f2) was used to compare the dissolution
behaviour of reproducibility batches and compared with that of
marketed and innovator’s product. As per the recommendations
made by the FDA Guidance for Industry, a value between 50 and100
indicates similarity between two dissolution profiles [14].

Stability studies

The optimized formulation was stored in HDPE bottles and
subjected to stability studies as per ICH guidelines for a period of six
months at 25 + 2°C/60 + 5% RH, 30 + 2°C/65 + 5% /RH and 40 *
2°C/75 * 5% /RH respectively and monitored for changes in
physical attributes, drug content and release pattern.

RESULTS AND DISCUSSION

Hydroxy propyl methyl cellulose (HPMC), a non-ionic cellulose ether
polymer is the most widely used hydrophilic carrier owing to its
flexibility, capacity to accommodate high levels of drug loading, pH
independent and broad regulatory acceptance.
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Diffusion, swelling and erosion are the most important rate-
controlling mechanisms of controlled release formulations [15]. The
drug release from a HPMC matrix tablet includes the following
sequences: i. Initial wetting of the tablet surface, hydration of HPMC
forming a gel barrier and release of drug near the tablet surface. ii.
Expansion of the gel layer (swelling) as hydration time progresses,
followed by diffusion of soluble drugs through the gel layer. iii.
Tablet erosion as outer layer of polymer becomes fully hydrated. On
hydration, the mobility of the polymer chains increase, thereby
increasing the hydrodynamic volume of the tablet compact and
causes the compact to swell. On further hydration of polymer chains,
the gel becomes more dilute and the disentanglement concentration
may be reached, i.e., the critical polymer concentration below which
the polymer chains disentangle and detach from a gelled matrix.
These events contribute to simultaneous swelling, dissolution, and
erosion.

Extended release formulation of highly soluble drugs necessitates
faster matrix hydration rate since inadequate hydration may lead to
dose dumping Thus, the rapidly hydrating K series of HPMC
possessing lower hydrophobic methoxyl substitution and
higherhydrophilic hydroxypropoxyl substitution was chosen for the
study. Formulation trials were initially taken using HPMC K100M
alone. However, it led to burst release of M.succinatein the first hour
(64%). Following this failure of primary release retardant HPMC
alone, melt granulation approach was adopted where meltable
binders could act as secondary release retardants.

Effect of various meltable binders

The effect of various lipophilic and hydrophilic meltable binders like
stearic acid, GMS (glycerylmonostearate), Sterotex HM
(hydrogenated soyabean oil), and PEG 6000 was studied on
M.succinate release (figure 1). At the end of the first hour, stearic
acid was found to release about 18.6% of M.succinate whereas GMS,
Sterotex HM and PEG 6000, released about 23.13% 22.83% and
26.71%, respectively. Increased retardation exhibited by stearic acid
could be attributed to the presence of carboxylic acid (-COOH) group
present on stearic acid which facilitated faster swelling of the matrix.
These observations were confirmed by the findings of swelling
studies where stearic acid displayed highest degree of swelling
(indicated by a sharp increase at the last point) (figure 2). PEG 6000
being hydrophilic in nature showed higher swelling till 8 hour after
which erosion predominated. The comparative slower swelling rate
of GMS could be attributed to the blocking of alcoholic (-OH) groups
by the stearate moiety thereby increasing its hydrophobicity.
Tablets containing stearic acid possessed higher hardness values
(5.5-6 kg.cm?) compared to other binders (3-4 kg.cm?) thereby
indicating higher dimensional stability of the tablet compacts. It is
apparent from the findings that the ratio of m.succinate to meltable
binders (2:1) plays a key role HPMC is very significant. The
representative force-displacement textural profiles(figure 3)
showed high initial resistance to probe penetration as evident by a
sharp increase in slope of peak coupled with minimal distance
travelled suggesting minimal formation of gel layer causing the
probe to reach the maximum force without penetrating the tablet
core. With the advancement of hydration time, slope value was
lowered indicating weaker gel strength as the probe moved through
the thick gel layer towards the glassy core. Penetration distance
after 1 hour of swelling was found to be highest for PEG 6000
followed by stearic acid, Sterotex HM and GMS owing to their
relative hydrophilicities. However, erosion predominated by the end
of 20 hour for other binders except stearic acid thereby confirming
its highest release retarding ability in combination with HPMC
K100M.

Effect of varying viscosity grades of HPMC

The effect of varying viscosity grades of HPMC like K100M, K15M
and K4M was evaluated. As seen from figure 4, higher drug release
was observed from K100M matrix (18.6%) in the initial hour
compared to K15M (11.48%) and K4M (10.81%). This behaviour
could be ascribed to the relatively slower hydration rate of higher
viscosity K100M which takes longer time to form the gel barrier
within which major amount of m.succinate might have been
released. HPMC K4M displayed fastest hydration owing to its low
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viscosity and hence a retarded release profile. The textural profiles
of HPMC K100M (figure 5) revealed that the transition from the
glassy core to a fully hydrated rubbery phase began to occur at
around 4 hour as indicated by a peak due to hitting of the probe to
the glassy core, fracturing the core as the force increases, followed
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by a drop in the resistance before the probe travels completely
through the compact. However, neither HPMC K100M nor K15M or
K4M displayed significant difference in the gel strength since gel
strength is largely dependent on polymer substitution chemistry &
less dependent on molecular weight.
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Fig. 1: Effect of different meltable binders on M.succinate release
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Fig. 3: Comparative gel textural profiles of M.succinate tablets with different meltable binders. a. Stearic acid b. Glycerylmonostearate c.
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Effect of varying concentration of HPMC

The effect of varying concentration of HPMC K100M (10-50%) was
studied. The dissolution profiles of m.succinate from matrices
containing varying HPMC concentration is shown in figure 6. For
soluble drugs like m.succinate drug release is principally controlled
by the thickness of the diffusion layer. As concentration of HPMC
K100M increased from 10 to 50%, the release rate decreased. This
was due to an increase in the viscosity of the gel and formation of a

gel barrier with a longer diffusional path length there by decreasing
the effective diffusion coefficient of m.succinate. Furthermore,
several factors associated with hydrophilic swellable systems like
differences in water penetration rate, water absorption capacity and
swelling, polymer erosion and attrition which result from changes in
the polymer content may contribute to this behaviour [16,17,18].
These findings assert the suggestions made by earlier reports where
drug to polymer ratio is known to be one of the key factors affecting
the rate of release from HPMC matrices.
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Fig. 6: Effect of varying HPMC K100M concentration on M.succinate release
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Effect of various diluents

Diluents are added to reduce the tortuosity of the diffusion path of
the drug. Replacement of HPMC by either a soluble or insoluble
diluent increased the dissolution rate (figure 7). This substitution
of polymer by diluent decreased the concentration of polymer in
gel layer thereby facilitating diffusion of dissolution medium into
the tablet. The diffusivity depends only on the total concentration
of viscosity inducing agents in the system irrespective of their
nature orpolymerization degree [19]. The results concur with the
findings of Lordi and Lotfipour [20,21]. The presence of swellable
insoluble filler like microcrystalline cellulose (Avicel PH101)
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changed the release profile to a lesser extent due to change in the
rate of swelling at the tablet surface whereas soluble in swellable
filler like lactose enhanced drug release by forming pores for the
entry of solvent molecules thereby increasing the porosity of the
matrix. Addition of an insoluble non-swellable diluent like
dicalcium phosphate created stress cracks during swelling
resulting in premature disintegration of the matrix by destroying
the integrity of the gel layer leading to dose-dumping. These
observations were in agreement with the findings by Alderman
[22,23].Microcrystalline cellulose showed excellent compression
properties and better plasticity as compared to lactose and
dicalcium phosphate.
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Fig. 7: Effect of various diluents on M.succinate release

Diluents are added to reduce the tortuosity of the diffusion path of
the drug. Replacement of HPMC by either a soluble or insoluble
diluent increased the dissolution rate (figure 7). This substitution of
polymer by diluent decreased the concentration of polymer in gel
layer thereby facilitating diffusion of dissolution medium into the
tablet. The diffusivity depends only on the total concentration of
viscosity inducing agents in the system irrespective of their nature
or polymerization degree [19]. The results concur with the findings
of Lordi and Lotfipour [20,21]. The presence of swellable insoluble
filler like microcrystalline cellulose (Avicel PH101) changed the
release profile to a lesser extent due to change in the rate of swelling
at the tablet surface whereas soluble in swellable filler like lactose
enhanced drug release by forming pores for the entry of solvent
molecules thereby increasing the porosity of the matrix . Addition of
an insoluble non-swellable diluent like dicalcium phosphate created
stress cracks during swelling resulting in premature disintegration
of the matrix by destroying the integrity of the gel layer leading to
dose-dumping. These observations were in agreement with the
findings by Alderman [22,23].Microcrystalline cellulose showed

excellent compression properties and better plasticity as compared
to lactose and dicalcium phosphate.

Drug release kinetics

The dissolution data was fitted to zero order (cumulative amount of
drug released vs time), first-order (log cumulative percentage of
drug remaining vs time), Higuchi’s(cumulative percentage of drug
released vs square root of time), and Korsmeyer Peppas’s (log
cumulative percentage of drug released vs log time) equations to
know the mechanism of drug release from the formulation. The
optimised formula displayed best fit to Higuchi’s equation [24], as
the plots showed high linearity with regression value of 0.9979
(table 5) indicating drug release followed matrix diffusion controlled
kinetics. To ascertain the diffusion mechanism, data was fitted into
Korsmeyer Peppas’s equation [25]. The formulation displayed good
linearity (r?=0.9982) with slope (n) value of 0.494 respectively
indicating non-Fickian transport (anomalous behaviour) governed
by swelling and relaxation of matrix.

Table 5: Mechanism of M.succinate release from formulation

Zero order First order Higuchi KorsmeyerPeppas
r? r? 2 r? n
Optimised formula 0.9544 0.8268 0.9979 0.9982 0.494

r2= Regression coefficient; n=Slope
Optimised Batch and Batch Reproducibility

The melt granules prepared had good flow properties and
compressibility; tablets prepared thereof exhibited low weight
variation & friability thereby overcoming poor flow
&compressibility of m.succinate (table 6). The optimised formula
exhibited low standard deviation values for the drug content,

hardness, friability and weight variation from three different batches
prepared separately (data not shown) indicating excellent batch-to-
batch reproducibility and absence of significant batch-to-batch
variations. The f2 values for developed formulation with respect to
Met® XL and Toprol® XL (Innovator’s product) were found to be
67.820 and 53.132 thereby confirming similarity between them
(figure 8).
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Table 6: Physical characterisation of the developed formulation

Micromeritics of the pre-compression blend

Angle of Repose 36.869 £ 2.003
Compressibility Index 27.778 £ 2.326
Hausner’s ratio 1.385+ 1.358
Moisture content (%) 0.8
Physical characterization of tablets
Average weight (mg) 352 £6.506
Hardness (kg/cm? 3.67 +0.088
% Friability 0.85+0.178
Diameter (mm) 10.06 £ 0.02
Thickness (mm) 4.65 + 0.067
*Data is expressed as mean + SD,n=6
120 4
OPTIMISED
FORMULATION
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==t=—=TOPROL® XL
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Fig. 8: Comparative release profiles of optimised and marketed formulations

———

Fig. 9: Differential scanning calorimetry thermograms of a. Plain M.succinate b. Plain stearic acid and c. M.succinate melt granulated with

Differential Scanning Calorimetry

Figure 9 shows thermogram of pure m.succinate and plain stearic
acid (Figure 9a and 9b) with an endothermic peak at 142.35°C and
61.16°C respectively. The thermogram of melt granules (figure 9c)
indicated endotherms of both m.succinate and stearic acid thus

stearic acid

Stability studies

stability.

indicating no evidence of interaction between the two.
Table 7: Effect of storage on content of M.succinate

The optimised formulation was found to be stable for six months
as per ICH guidelines with no significant changes in dissolution
behaviour (figure 10), drug content (table 7) and physical

Duration Stability conditions
25°C* 2°C /RH 60* 5% 30°C+ 2°C /RH 65% 5% 40°C+ 2°C /RH 75+ 5%
0 day 102.364 +2.036 99.267 +1.079 98.781 + 2.347
1 month 101.198 +1.587 98.443 +1.255 96.243 £1.011
3 months 100.278 + 1.964 98.126 £ 0.364 97.141 £ 0.147
6 months 99.347 + 0.688 97.780 + 1.582 96.965 + 3.657

*Data is expressed as mean = SD,n=6
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Fig. 10: Effect of storage on dissolution behaviour of M.succinate tablets for a. One month b. Three months and c. Six months

CONCLUSION

A combination of hydrophilic and lipophilic (meltable binder) matrix
using melt granulation technique proved to be industrially viable
alternative for designing extended release formulation of highly
soluble actives like metoprolol succinate. The initial burst release
was controlled by the lipophilic stearic acid barrier on m.succinate
cores whereas subsequent drug release and matrix integrity were
maintained by firm gel of HPMCK100M. The ratio of drug to stearic
acid and drug to HPMC are important variables to tailor release
profiles of highly soluble drugs. Drug release from these matrices
was controlled through diffusion and erosion. The developed
formula was found to be similar to the innovators product
Toprol®XL (multiple unit particulate system) and displayed stability
for a period of six months.
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