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Abstract

The purpose of this investigation is to develop extended release matrix tablets
of propranolol hydrochloride (PPH), which were designed to improve the
patient compliance and prolong the drug release after oral administration.
Different viscosity grades of hydroxypropyl methylcellulose (HPMC)
polymers such as HPMC K4 M, HPMC K15 M and HPMC K100 M were
used. The prepared formulations were characterized and all formulations
exhibited satisfactory physical parameters such as thickness (mm), weight
variation (mg), friability (%) and hardness (kg/cm?). After evaluation of
physical properties, the in vitro release study was performed in 0.1 N
Hydrochloric Acid (HCI), pH 1.2 for 2 hours followed by release in phosphate
buffer pH 6.8 up to 12 hours. The effects of polymer concentration and
polymer blend concentration were studied. Among all the formulations,
formulation F3 which contains 40% HPMC K4M followed zero order Kinetics
via, swelling, diffusion and erosion. This study gives the preliminary idea
about the development of extended release drug delivery systems of PPH. The
in-vitro drug release exponent of the peppas equation suggests the drug release
mechanism was super case Il transport mechanism. Based on compatibility
studies such as differential scanning calorimetry (DSC) and fourier transform
infrared spectrophotometry (FT-IR), there was no interaction between the drug
and excipients.

Keywords differential scanning calorimetry, extended release tablets, fourier
transforms infrared spectrophotometry, Propranolol, in vitro drug release

Introduction

Oral drug delivery is considered as the most common, most popular,
convenient and safe [when compared to parenteral route] due to its ease of
administration, patient acceptance, and cost effective manufacturing process
[1]. In fact, the gastrointestinal physiology offers more flexibility in dosage
form design than most other routes [2]. But the poor dissolution rate of water
insoluble drugs is a major problem for pharmaceutical formulators to prepare
them in the form of tablets [3]. The terms sustained release, prolonged release,
modified release, extended release or depot formulations are used to identify
drug delivery systems that are designed to achieve or extend therapeutic effect
by continuously releasing medication over an extended period of time after
administration of a single dose [4]. Instead of multiple or numerous doses,
single dose having an advantage that the drug release was prolonged and it has
been obvious to pharmaceutical industry [5].

Propranolol is a non-selective, B-adrenergic receptor-blocking agent
possessing no other autonomic nervous system activity [6-7].
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Propranolol hydrochloride (PPH) is widely used in the treatment of hypertension, migraine, angina,
cardiac arrhythmias and many other cardiovascular disorders [8-11]. It is highly lipophilic drug, having 15-
23% oral bioavailability and it has 3-6 hours half-life. So, patients frequently take several times in a day.

The goal of drug delivery system is to provide a therapeutic amount of drug to the proper site in the
body and then maintain the desired drug concentration. Considering all the delivery problems associated
with the PPH, we plan to design a sustained release formulation of PPH for extended release profile that can
reduce the frequency of administration.

Methodology

Pre Compression Studies
The powder mixtures of different formulations were evaluated for angle of repose, bulk density (apparent
and tapped) and compressibility index [14-15]. The fixed funnel method was employed to measure the
angle of repose (0) and it was calculated using the following formula:
Tan 6 =h/r
Here, ‘0’ is angle of repose, ‘h’ is height of the cone and r is radius of the cone base. The carr’s index
(compressibility index) was determined from the bulk and tapped densities and was calculated using the
following formula:
Carr’s index = [ {(ptap-pbulk)/ ptap}/100]
Where ‘ptap’ is tapped density and ‘pbulk’ is bulk density

Drug-excipients compatibility studies
The DSC and FTIR studies were carried out to find the interaction among the drug and other excipients
such as polymer, diluent, lubricant etc. [16].

Fourier Transforms Infrared Spectroscopy (FT-IR)
The FT-IR spectrum of pure drug and formulation were determined. A FT-IR (Bruker) was used for the
analysis in the frequency range between 4000 - 400cm™ and 4cm™ resolution.

Differential Scanning Calorimetry (DSC)

Pure drug, 1:1 ratio of drug and polymer, and optimized formulation were subjected to the analysis. About
5-15 mg sample to be analyzed was taken in the pierced DSC aluminum pan and scanned in the temperature
range of 50-300 °C.

Direct Compression

PPH and all other ingredients were accurately weighed and sifted through sieve # 40. Initially, PPH was
well mixed with quantity of required polymer (HPMC K4 M, HPMC K15 M and HPMC K100 M), then
mixed with the remaining ingredients in geometric proportions. Further, it was lubricated with the
previously weighed and sieved magnesium stearate and talc to obtain the blend for compression. Finally,
the lubricated blend was subjected to compression by required 7mm circular standard flat-faced punch on a
sixteen station rotary tablet-punching machine [17-18].

Post Compression Studies

The prepared tablets were studied for their physical properties like weight variation, hardness, friability and
drug content uniformity [19]. In order to estimate weight variation, 20 tablets of each formulation were
weighed using an electronic weighing balance (AW 120, Shimadzu Corporation, and Japan) and the
strength of the physical properties of tablets was expressed by calculating hardness (kg/cm?) and friability
(%).
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Table 1. Composition of PPH matrix tablets
Ingredients (mg/tablety F1 F2 F3 F4 F5 F6 F7 F8 F9

PPH 40 40 40 40 40 40 40 40 40
HPMC K4 M 26 39 52 - - - - - -
HPMC K15 M - - - 26 39 52 - - -
HPMC K100 M - - - - - - 26 39 52
MCC - PH 200 54 41 28 54 41 28 54 41 28
Aerosil

Talc

Magnesium stearate 1 1 1 1 1 1 1 1 1
Total weight 130 130 130 130 130 130 130 @ 130 130

Drug content estimation

For estimation of drug content, from each batch ten tablets were randomly selected, crushed and the aliquot
of powder equivalent to 100 mg of drug was dissolved in suitable quantity of methanol or 6.8 pH phosphate
buffer solution. Solution was filtered, diluted and drug content was determined by double beam UV-Visible
spectrophotometer (Elico, SL210, and Hyderabad, India) at 290 nm. The drug concentration was calculated
from the calibration curve [20].

In vitro dissolution study

The USP dissolution apparatus Il (Lab India, India) was used for all the in vitro dissolution studies. In this
method, HCI and phosphate buffer having the pH of 6.8 was used as dissolution media. The rate of stirring
was 1002 rpm. The amount of PPH was 40 mg in all formulations. The dosage forms were placed in 900
ml of 0.1N HCI that was further replaced by phosphate buffer medium with pH 6.8 after 2 hours for
remaining study and maintained at 37+0.5 °C. At appropriate time intervals (1, 2, 3,4, 5, 6, 7, 8,9, 10 and
12 hours), 5 ml of samples were taken and filtered through a 0.45um Millipore filter (membrane filter). Five
ml of fresh dissolution medium was replaced to maintain a constant volume and samples were analyzed by
double beam UV visible spectrophotometer (Elico, SL210, and Hyderabad, India) at 290 nm [21-26].

Mechanism of drug release

The drug release kinetics was explained by various kinetic models and to analyze the mechanism of drug
release, the data of dissolution was fitted into zero-order, first-order, higuchi and korsmeyer-peppas release
models [27-31].

Table 2. Pre-compression evolution parameters of all formulations

Formulation  Angele of repose  Bulk density ~ Tapped density Compressibility index

(c) (glcc) (g/cc) (%0)
F1 22.37+1.1 0.214 0.389 18.23
F2 36.42+1.8 0.202 0.392 19.96
F3 28.36+1.0 0.208 0.367 18.49
F4 28.82+1.9 0.201 0.402 17.36
F5 20.90+1.6 0.201 0.392 18.89
F6 34.57+0.8 0.204 0.402 16.32
F7 27.12+1.3 0.226 0.400 10.89
F8 28.88+0.5 0.199 0.381 12.54
F9 20.90+1.6 0.223 0.396 16.32
F10 32.57+0.8 0.227 0.395 18.86
F11 26.7£ 0.5 0.282 0.410 19.43
F12 28.68+1.4 0.224 0.391 11.81
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Table 3. Post-compression evolution parameters of all formulations

Character F1 F2 F3 F4 F5 F6 F7 F8 F9

Diameter (mm) 7 7 7 7 7 7 7 7 7
Thickness 328 326 318 324 327 328 326 332 331
(mm) +0.23 +0.82 +0.62 +0.34 045 020 059 025 +0.25
Weight variation ~ 129.6 1304 1289 1294 1303 1282 1298 1280 1306
(mg) +0.56 +048 +1.4 056 068 012 +1.72 118 0.4
Friability (%) 036 060 052 039 039 046 042 053  0.49
Hardness 6.5 6.5 6.5 6.6 6.1 6.1 6.0 6.0 6.5
(kg/em?) 044 4038 104 2055 057 4072 1030 071 052

Drug content (%) 98.52 97.22 9858 97.26 1006 1004 9831 99.69 98.31
+1.26 +128 +059 +0.82 +0.59 +0.92 +1.24 +0.88 +1.24

Results and Discussion

Initially, the pure propranolol was scanned under UV-range between 200-400 nm for absorption spectrum.
The maximum absorbance for propranolol was found at 290 nm. A standard concentration of propranolol in
the range of 10-50 pg/ml was prepared in 6.8 pH phosphate buffer and the absorbance were measured at
290 nm. Propranolol showed good linearity between 10-50 pg/ml with a correlation coefficient of 0.999.
Propranolol matrix tablets were prepared using different viscosity grades of HPMC such as HPMC K4 M,
HPMC K15 M and HPMC K100 M (Table 1). The drug and polymer including all other excipients were
mixed uniformly. The powder mixtures of different formulations were evaluated for angle of repose, bulk
density (apparent and tapped) and compressibility index. The results of angle of repose (<40) and Carr’s
index (<22) indicated fair to passable flow properties of the powder mixture and their values are shown in
Table 2. After pre-compression evaluation, blend was compressed into tablet form using 7.0 mm punch.
After preparation of tablets, various physicochemical properties were studied such as diameter, weight
variation, hardness, thickness, friability and drug content. The physical properties are shown in Table 3 and

based on the results; all the formulations were obtained within pharmacopoeial limits.

The USP dissolution apparatus —I1 (Lab India, India) was used for all the in vitro dissolution studies. In
this method, the tablet was placed inside the dissolution vessel containing 900ml of HCI and after 2 hours
the medium was replaced by 6.8 phosphate buffer. Five ml of samples were withdrawn at time intervals of
1hr, 2hr and 3hr, 4hr, 5hr, 6hr, 8hr, 10 hr and 12hr. The volume of dissolution fluid was adjusted to 900 ml
by replacing fresh 5ml of dissolution medium after each sampling. The release studies were conducted with
3 tablets (n=3), and the mean values were plotted versus time. F-1 formulation containing 20% of HPMC
K4 M retarded the drug only for 7 hours, whereas F-2 and F-3 containing 30% and 40% of HPMC K4 M
retarded the drug for 8 hours and 12 hours respectively. F-4 formulation containing 20% of HPMC K15 M
retarded the drug only for 8 hours. F-5 formulations containing 30% and retards the drug for 11 hours. The

F6 formulation containing 40% of the HPMC K15 M retarded the drug more than 12 hours.

Table 4. Compilation of the results from all the mathematical models applied to the optimized formulation (F3)

Type of Plot Regression Coefficient R?
Zero order 0.972
First Order 0.897
Higuchi Square Root Law 0.976
Hixon Crowell Cube Root Law 0.898
Korsemeyer — Peppas Plot, (n) 0.749; (1.265)
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Figure 1. Cumulative percentage drug release profiles of formulations of PPH matrix tablets with HPMC K4 M

The formulation F-7 containing 20% of HPMC K100 M retarded 86% of drug in 12 hours and the
release was retarded more in the concentration of 30%. Only 60% of drug was released in 12 hours for F-9
formulation contain 40% of the HPMC K100 M. The results of in vitro dissolution studies are summarized
in the Figure 1, Figure 2 and Figure 3. The dissolution studies indicated that as the polymer concentration
of HPMC increased, the drug release rate was retarded. The release kinetics of optimized formula is shown
in Table 4. DSC and FT IR studies showed that there was no interaction between the drug and excipients
(Figure 4 to Figure 7). The thermograms of the optimized formulation did not show any significant shift in
the endothermic peak, indicating that there was no physical change in the drug in the tablet dosage form.

% Drug release with HPMC K15 M

120 -

100

——F-4 HPMC K15 M
(20%)

80

—B—F-5 HPMC K15 M

60 (30%)

—&—F-6 HPMC K15 M

40 (40%)

Cumulative % drug release

20

0 T T 1
0 5 10 15
Time in hours

Figure 2. Cumulative percentage drug release profiles of formulations of PPH matrix tablets with HPMC K15 M
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Figure 3. Cumulative percentage drug release profiles of formulations of PPH matrix tablets with HPMC K100 M
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Figure 4. FTIR spectra of pure drug (PPH)
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Figure 5. FTIR spectra of optimized formulation (F3)
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Figure 6. DSC thermogram of pure drug (PPH)
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Figure 7. DSC thermogram of optimized formulation (F3)
Conclusion

Present research study provided useful information for scientists on formulation and characterization during
the development of controlled drug delivery systems of propranolol using the hydrophilic polymers. All
formulations can be successfully employed in the preparation of controlled release matrix tablets of
propranolol. The prepared formulations can be successfully commercialized after establishing their safety
measures and efficacy. This dosage form holds promise for further studies, which can be extrapolated for
the development of other delivery systems.
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