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Abstract

The present investigation relates to the development of Bilayer dosage form containing combination of
Extended and immediate release layer by using Metoprolol Tartrate and Hydrochl orothiazide respectively for
the treatment of Hypertension. Metoprolol (ER) is a beta-1 cardio-selective adrenoreceptor blocking agent, for
oral administration in the treatment of hypertension through controlled and predictable release of metoprolal,
angina pectoris and heart failure. Metoprolol reduces the force of contraction of heart muscle and thereby
lowers blood pressure. By reducing the heart rate and the force of muscle contraction. Hydrochlorothiazide is a
first line diuretic drug of the thiazide class that acts by inhibiting the kidney’s ability to retain water; it isalso a
well-established diuretic and antihypertensive agent, which promotes natriuresis by acting on the distal renal
tubule. This reduces the volume of the blood, decreasing lower peripheral vascular resistance. The
combination product is more effective than mono therapy with the individua components because the
combination product allows a low-dose multidrug regimen as an aternative to high-dose monotherapy,
thereby, minimizing the likelihood of dose-related side-effects. The purpose of this study is to improve the
efficacy of the polymer controlling the drug release, therefore increasing the bioavailability of bilayered tablets
of Metoprolol Tartrate Extended release and Hydrochlorothiazide immediate release by inducing a synergistic
interaction after introduction of CARBOPOL 971 hydrophilic polymer in a previously used polymer matrix of
HPMC K-100 (Hydroxypropyl methyl cellulose).

Keywards: Bilayer dosage, Metoprolol Tartrate, Hydrochlorothiazide, Hypertension, Carbopol 971, HPMC
K-100.

1. INTRODUCTION
1.1 EXTENDED RELEASE CONCEPT **#

Over the past 30 years as the expenses and complications involved in marketing new drug entities have
increased. With concomitant recognition if the therapeutic advantages of extended drug delivery, greater
attention has been focused on development of extended or controlled release drug delivery systems™. The
attractiveness of these dosage forms is due to awareness to toxicity and other properties of drugs when
administered or applied by conventional method in the form of tablets, capsules, injectables, ointments, etc.
Usually conventional dosage forms produce wide range fluctuation in drug concentration in the blood stream
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and tissues with consequent undesirable toxicity and poor efficiency. The factors such as repetitive dosing and
unpredictable absorption led to the concept of extended drug delivery systems.

MATRIX TABLETS: "*®
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Figure-1- Drug release from a matrix

Matrix devices consist of drug dispersed homogenously throughout a polymer matrix. In the model,
drug in the outside layer exposed to the bathing solution diffuses out of the matrix. This process continues with
the interface between the bathing solution and the solid drug moving toward the interior. For this system rate
of dissolution of drug particles within the matrix must be much faster than the diffusion rate of the dissolved
drug leaving the matrix*°.

This system involves the following assumptions:

A pseudo steady state is maintained during drug release.

The diameter of the drug particles is less than the average pores of drug diffusion throughout the

matrix.

The diffusion coefficient of drug in the matrix remains constant i.e., no change occurs in the

characteristics of the polymer matrix.

The mechanism of release from these systems can be considered in two ways:

a) Extraction of the medicament by a simple diffusion process through envel oping homogenous
matrix.

b) Leaching of the medicament by the bathing fluid, which is able to enter the drug-matrix
through pores, cracks and inter granular spaces.

Table-1-: Materialsused asretardantsin Matrix tablet for mulations:

Sl. No Matrix characteristics Materials

Polyeythylene, polyvinyl chloride, Methylacrylate

L Insoluble, Inert Co-polymer, Ethyl cellulose®>*°

5 Insoluble, Erodible I(Dtgrg?lglt()sawax, stearyl Alcohol, Stearic acid,

Methyl cellulose, HPMC, sodium CMC,

3. Hydrophilic Carbomerst8

Drug release from Carbopol 971 polymer matrix tablets is controlled more by the polymer structure
(crosslink density) than by viscosity. Lightly cross linked polymers have fewer crosslink sites to constrain the
polymer, and a homogeneous gel structure forms at lower concentrations compared to highly cross linked
polymers. As a result, the active ingredient is less subjected to diffusion through the gel layer. In contrast to
linear polymers, higher viscosity does not result in slower drug release with carbomers (eg: Carbopol 974P NF,
Carbopol 980NF, etc.). Lightly cross linked carbomers such as Carbopol 971 polymer are generally more
efficient in controlling drug release than highly cross linked carbomers such as Carbopol 974 polymer (higher
viscosity)
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Potential Benefits of a Combination Matrix (Carbopol 971 Polymer and Hydroxypropyl Methyl
Cellulose) vs. use of a single Polymer Matrix?®**

Data demonstrates a synergistic interaction may occur when Carbopol polymers are used in combination with
Hydroxypropyl methyl cellulose. Specifically, alower total polymer level could be used in a formulation, thus
enabling smaller tablet sizes and overall formulation cost savings.

Additionally, more consistent drug release can be achieved. By varying the total polymer levels and ratio of
the two polymers, it is possible to modulate the drug release profile.

Synergistic use of Carbopol polymers with other extended release excipients such as (hydroxypropyl cellulose,
sodium carboxymethyl cellulose, sodium alginate, polyethylene oxide and methacrylic polymers) can also be
achieved®™?,

K ey recommendationsto Facilitate wet granulation processes with carbopol 971 %

0 In order to avoid fast and extensive swelling of the polymer, use a low amount of granulation liquid

added at a slow rate in fine droplets (uniform distribution of the solvent in the wet mass). In genera, a

lower quantity of granulation liquid is used with Carbopol polymers compared to hypromellose®”%.

0 Incorporation of microcrystalline cellulose improves the processability of the formulation. Generally less
than 10% of microcrystalline cellulose should be used to prevent disintegration of the tablets.

o  Granulation should be controlled in order to prevent over wetting (sticky, rubbery mass™3").

0 Itisvery important to control the drying process and residual moisture in the granules (typical values 1 -
3%), however these parameters are formulation specific. If over dried, Carbopol polymers form hard
granules. High residual moisture may lead to tablets sticking in to the punches and may cause stability
problems®®,

3. MATERIALSAND METHODS

Metoprolol Tartrate, Hydrochlorothiazide, Micro Crystalline Cellulose, Lactose, Hydroxy Propyl Methyl
Cellulose K-100, Carbopol 971, Paly vinyl PyrrolidoneK-30, Aerosil were Purchased Analytical grade.

3.1 PRE-FORMULATION STUDIES

A.1 Compatibility studies:

Figure-2-: UV spectrum of the standard Metoprolol Tartrate and the prepared Metoprolol granules compared
toits placebo granules.

The previous figure represents UV spectrum of Metoprolol standard (purple line/highest peak), Metoprolol
granules (Green line/2™ peak), and its Placebo granules (off Black line/no peak) obtained from assay of
Metoprolol as mentioned earlier in the experimental work chapter.

The absorbance of standard Metoprolol was 0.630, as the one of Metoprolol granules was 0.658 which resulted
in drug content of 104.59%. But clearly the off-black line representing the placebo granules does not have any
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peak at 273nm in the UV range of (200nm — 400nm), which means that no excipients from the placebo
granulesinteract with the drug Metoprolol.

Figure-3-: UV spectrum of the standard Hydrochl orothiazide and the prepared Hydrochlorothiazide granules
compared to its placebo granules

The above figure represents UV spectrum of Hydrochlorothiazide standard (Red line/highest peak),
Hydrochlorothiazide granules (Green line/2™peak), and its Placebo granules (off-Black line/no peak) obtained
from assay of Hydrochlorothiazide as mentioned earlier in the experimental work chapter.

The absorbance of standard Hydrochlorothiazide was 0.520, as the one of Hydrochlorothiazide granules was
0.521 which resulted in drug content of 99.8%. But clearly the off-Black line representing the placebo granules
does not have any peak at 273nm in the UV range of (200nm — 400nm), which means that no excipients from
the placebo granulesinteract with the drug Hydrochlorothiazide.

Physical observation

After 14 days, the samples kept in stability chamber at 40°C + 2°C / 75 + 5% RH and 25°C + 2°C /60+ 5% RH
both manifested no physica change, the same after 28days. Based on the above results, the compatible
excipients were used for formulation and development using suitable processes. Development trials of about
5000 tablets were made and eval uated.

4. EVALUATION OF GRANULES

4.1 Physical Evaluation
4.1.1 Flow Properties of Metoprolol Tartrate Granules

Bulk density and tapped density of Metoprolol Tartrate Extended release granules were found to be 0.373(T1),
0.479(T2) and 0.430(T1), 0.541(T2) respectively which insures good flow properties in addition of an
excellent Angle of repose which was 27°55° for (T1), and 28°39’for (T2). Therefore good compressibility of
the granules was assured through Carr’s index found to be 11.46 for (T1), and 13.26 for (T2) and Hausner’s
ratio for frictional resistance were found to be excellent (0.870 and 0.885) respectively to T1 and T2. Moisture
content was found to be 0.2% and 0.25% for T1 and T2 respectively against the IP claim of NMT 0.5%.
Results proving all properties are tabulated table 2.

Table-2: Flow properties of Metoprolol Tartrate (ER) Granules

S.No Parameters T1 T2 Inference
1. | Angle of repose(e)* 27°55’ | 28°39° Excellent
Bulk density (g/cm3) Untapped* | 0.373 0.479 Good
- Tapped* 0430 | 0541 Good
3. | Compressihility index 13.26% | 11.46% Good
4. | Hausner’s ratio 0.870 0.885 Excellent
5. Moaisture content* (%) 0.20 0.25 | Withinlimit

All the values are mean, n=3
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4.2 Flow properties of hydrochlorothiazide (IR) Granules

Good flow properties were observed through Bulk density, Tapped density and angle of repose of
Hydrochlorothiazide IR granules which were found to be (0.36 for T1, 0.38 for T2) and (0.44 for T1, 0.43 for
T2) and (33°70 .for T1, 32°71° for T2) respectively. Carr’s compressibility index was found good (11.63 for
T1, 18.18 for T2) and an excellent frictional resistance was obtained from Hausner ratio (0.88 for T1, 0.82 for
T2). Results are tabulated table 3.

Table-3: Flow Properties of Hydrochlorothiazide (IR) Granules

S.no Parameter T1 T2 Inference
1. | Angle of repose(e)* 33°70’ | 32°711° Good
Bulk density (g/cm3) Untapped* 0.36 0.38 Good
2.
Tapped* 0.44 0.43 Good
3. | Compressibility Index (%) 18.18 | 11.63 Good
4. | Hausner’s Ratio 0.82 0.88 Excellent
5. | Moisture Content* (%) 0.29 0.32 | Withinlimits

*all the values are mean, n=3
4.3 Assay of Granules
It was done as per the procedure given in experimental work chapter. The test was done for T1 and T2
formulations as per IP 2018 and all the granules passed the test within limits. The results are illustrated in the
following table 4.

Table-4: Assay Results of granules:

S.No Assay I P specification Results
Metoprolol (ER) 90.0% - 110.0% of LA 97.540%

m Hydrochlorothiazide 92.5% - 107.5% of LA 98.200%
Metoprolol (ER) 90.0% - 110.0% of LA 105.120%

' Hydrochlorothiazide 92.5% - 107.5% of LA 98.200%

4.4 Evaluation of Bi-layer Tablets

The post compressional parameters of Bi-layer tablets (hardness, friability, weight variation, thickness and
drug content) were within the acceptable limits as shown bel ow:

Table-5:.Tablets Evaluation Parameters

S. Formulations Avg. weight/tab Hardness Thickness Friability | Disintegration Time
No (mg) (Kg/lem?)* (mm)* (%)* (minutes)*

1 T1 316 4 4.6 0.15 2

2 T2 320 6 46 0.16 2

*all the values are mean, n=3
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Both batches of Bi-layer tablets fulfilled the official requirements of uniformity of weight. The average
percentage deviation of 20 tablets of each formulation was less than + 5%. The thickness and hardness of the

tablet ranged from 4.5mm-4.7mm and 4kg/cm? - 6kg/cm? respectively. The percentage friability of both

batches ranged from 0.15 to 0.16%w/w and the disintegration time of Hydrochlorothiazide (IR) layer was 2

minutes.
Table-6: Weight Variation
S.no | Formulations | Average weight/tab | Deviation Comments Inference
1 T1 316 No tablet deviates out of limits | Comply
+5%
2 T2 320 No tablet deviates out of limits | Comply

4.5 Assay of bi-layer Tablets:

Assay was done as per the procedure given in experimental work chapter. The test was done for T1
and T2 formulations. The labelled amount (LA) of Metoprolol is 50mg and the labelled amount (LA) for

Hydrochlorothiazide is 12.5mg. The results areillustrated in the following table 7.

Table-7-: Assay Results of bi-layer tablets

Assay

I P specification

Results

Tl

Metoprolol (ER)

90.0%-110.0% of LA

96.68%

Hydrochlorothiazide

92.5%-107.5%0f LA

101.14%

T2

Metoprolol (ER)

90.0%-110.0% Of LA

98.77%

Hydrochlorothiazide

92.5%-107.5% Of LA

103.71%

4.6 Dissolution Studies

Table-8: In vitro dissolution profile of Bi-layer Tablets for formulation T-1 (without CARBOPOL 971)

Sustained release layer of Metoprolol Tartrate T1
SI. No | Time(hr) | Amount of drug release (mg) | Cumulative % drug release* | Limit (%)
1 1 8.835 17.67 NMT 25%
2. 4 20.390 40.78 20-40
3. 8 32.685 65.37 40 - 60
4. 20 47.940 95.88 NLT 80%
Immediate release layer of Hydrochlorothiazide T1
Sl. No | Time (hr) | Amount of drug release (mg) | Cumulative % drug release | Limit (%)
1 Y5 12.075 96.6 NLT 80%
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*all the values are mean, n=6

The above table gives the in vitro dissolution profile of Metoprolol Tartrate extended release and
Hydrochlorothiazide immediate release tablet for the formulation T-1 containing only HPMC K-100 as
polymer controlling the drug release. The release of Metoprolol Tartrate at 1%, 4™, 8", 20"hour was found to
comply within the limits as shown in the above table. The below Figure shows the graph of in vitro drug
release profile of sustained release of Metoprolol Tartrate and immediate release of Hydrochlorothiazide for
formulation T-1.

1Z0

100" [ /‘
” /
G0

/ —e— Matoprolol
40 / — = HCTZ
20

=] 5 10 15 20 25

Cumulative %Drug release

Time (Hrs)

Figure-4-: In - Vitro Drug release of Bi-layer Tabletsfor Trial 1

Table-9: In vitro dissolution profile of Bi-layer tablets for formulation T-2 (with Carbopol 971)

Sustained release layer of Metoprolol Tartrate T2
Sl. No Time (hr) Amount of Cumulative % Limit (%)
drug release drug release*
(mg)
1. 1 8.710 17.42 NMT 25%
2. 4 21.135 4227 20-40
3. 8 34.690 69.38 40-60
4, 20 50.645 101.29 NLT 80%
Immediate release layer of Hydrochlorothiazide T2
Sl. No Time (hr) Amount of Cumulative % Limit (%)
drug release drug release
(mg)
1 12 53.450 106.9 NLT 80%

*all the values are mean, n=6

In order to increase the release of the drug, the polymer CARBOPOL971 was introduced in the formula and
the previoudly used polymer HPMC K-100 quantity was adjustably reduced. The above table gives the in vitro
dissolution profile of Metoprolol Tartrate extended release and Hydrochlorothiazide immediate rel ease tablet
for the formulation F-2. The drug release of Metoprolol Tartrate at 1%, 4", 8", 20" hour was found to be
17.42%, 42.27%, 69.38% and 101.29% respectively. Obvioudly the drug release was enhanced compared to
previous T1 results. The release of Hydrochlorothiazide at the end of 1/2 hour was found to be 106.9% which
also comprises within limits. The below Figure shows the graph of in vitro drug release profile of Extended
release of Metoprolol Tartrate and immediate release of Hydrochlorothiazide for the formulation T-2
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Figure-8: Korsmeyer-Peppas Equation

Table-10: Kinetics studies of Bilayer tablets
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Formulated Bilayer tabletscode | T1 T2
Release kinetics R? R?
Zero order 0.929 | 0.924
First order 0.788 | 0.725
Higuchi 0.992 | 0.990
Korsmeyer-peppas 0.888 | 0.982

4.7 Release Kinetics Study for optimized Bilayer Tablet:

Based on the correlation coefficient (R?) values obtained from various models Higuchi model fits best as it is
closest to one (0.992 for T1 and 0.990 for T2). But also follows first order kinetics which is aso close to 1.
Hence the release kinetics for T2 was fitted to korsemeyer-peppas equation with R? value of 0.982 very close
to land ‘n’ value of 1.2 known as Diffusion or release exponent. It follows non-fickian diffusion model, and
the mechanism of drug release is regarded as super case |1 transport.

4.8 Three Months stability studies observation:

Tablell:- Assay Results of bi-layer tablets after accelerated stability studies at 40°C+2°C/75%RH+5%RH

Assay I P specification Results

Metoprolol (ER) 90.0%-110.0% of LA | 95.59%
Hydrochlorothiazide | 92.5%-107.5%0f LA | 101.02%
Metoprolol (ER) 90.0%-110.0% Of LA | 98.11%
Hydrochlorothiazide | 92.5%-107.5% Of LA | 102.65%

Tl

T2

Tablel2:- Assay Results of bi-layer tablets after real time stability studies at 25°C+2°C/60%RH+5%RH

Assay I P specification Results

T1 Metoprolol (ER) 90.0%-110.0% of LA | 96.01%

Hydrochlorothiazide | 92.5%-107.5%0f LA | 101.10%

T2 Metoprolol (ER) 90.0%-110.0% Of LA | 98.30%

Hydrochlorothiazide | 92.5%-107.5% Of LA | 103.03%

After 3 months of stability studies as per ICH guidelines assay results from accelerated and real time stability
studies at the corresponding storage condition are as shown in the table above and insures good stability of the
product as there is no significant change in drug content.

Table 13:- Physical Observation after Accelerated Stability Studies

. Thickness Friability -
S.No Formulations (mm)* (%) Description
1 T1 4.6 0.17 Round shape, convex faces, one
face white, another face orange, no
2 T2 4.6 0.16 score line or scripture
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5. CONCLUSION

The present research was carried out to improve the efficacy of the polymer controlling the drug release,
therefore increasing the bioavailability of bilayered tablets of Metoprolol Tartrate Extended release and
Hydrochlorothiazide immediate release by inducing a synergistic interaction after introduction of CARBOPOL
971 hydrophilic polymer in a previously used polymer matrix of HPMC K-100 (Hydroxypropyl methyl
cellulose).

Tablets formulation (T2) showed acceptable pharmacotechnical properties and complied with the internal
specification for weight variation, thickness, hardness, friability, drug content and in-vitro drug release as well.
Drug release from the matrix was found to increase on addition of Carbolpol 971, where the polymer (carbopol
971) concentration employed was 7.88%w/w of the average tablet weight. However, HPMC K100 required
was decreasingly adjusted from 36.36% to 18.18% of the tablet average weight (330mg) due to addition of a
new polymer.

And the Bioavailability of the drug Formulation (T2) containing a combination matrix polymer of Carbopol
971 and HPMC K-100 showed a better drug release and enhanced Bioavailability compared to Formulation
(T1) containing only asingle polymer (HPMC K-100).
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