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Abstract

Bisoprolol is a type of antihypertensive drug (B-blocker). It is a poorly water-soluble and
highly permeable drug that belongs to class Il biopharmaceutical classification. This
investigation represents the formulation development of bisoprolol to sustain the drug
release. Different types of polymers like hypromellose, xanthan gum, avicel, poly ethylene
glycol (PEG) were used in this study. Three different formulations were developed by using
different excipients at various ratios. The granules were evaluated for bulk density, tapped
density, flow property whereas tablets were evaluated for thickness, hardness, weight
variation, compressibility index, uniformity of content, disintegration time, and drug release
profile. The concentration of the diffused drug was measured using a UV-visible
spectrophotometer at Ana,= 225 nm. Granules showed good flow ability and all the
formulations passed the quality. Among all the formulations, F-2 and F-3 showed better
efficiency. PEG along with hypermellose, and guar gum showed a good combination for
sustaining the drug release.
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1. Introduction

Hypertension is one of the most significant risk factors for cardiovascular disease,
especially in the adult population [1]. g blockers have been one of the primary treatments
of hypertension because of their ability to manage heart failure [2]. Bisoprolol [(RS)-1-{4-
[(2-isopropoxyethoxy) methyl]phenoxy}-3-(isopropylamino)propan-2-ol] is a selective
beta-1 receptor blocker administered as effective and safe antianginal agent. Bisoprolol
leads to a 46 % decrease in sudden death after one year of administration. It acts
essentially through the reduction of myocardial oxygen consumption [3,4].
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Relatively rapid drug absorption and onset of accompanying pharmacodynamics
effects result from immediate-release products. However, plasma drug concentrations
decline according to the drug's pharmacokinetic profile after the drug absorption from the
dosage form. Eventually, plasma drug concentrations fall below the minimum effective
plasma concentration (MEC) resulting in loss of therapeutic activity. Another dose is
usually given before this point is reached if a sustained therapeutic effect is desired. In
general, conventional dosage forms are more likely to drug plasma level fluctuations
(leading to adverse effects or toxicity due to overdoses), high dosage frequency, high
dosage requirements, and poor patient compliance.

In recent years, the administration of a drug in a controlled approach is being given
greater attention for improved therapeutic levels. Sustained or controlled drug delivery
occurs when the drug is released from the polymers at a constant rate for the required
period. The polymer, the drug or other active ingredients are combined in such a way that
helps in the delayed release [5]. Due to a reduction in the frequency of dosing, the
sustained release (SR) dosages form decreases side effects and increases patient
compliance. The SR form also maintains constant blood levels and avoids drug plasma
level fluctuations associated with conventional immediate-release formulations [6].

As there are limited information about the sustained released dosage form for bisprolol
and if the attempt is successful, it will reduce the frequency of drug administration by the
hypertensive patients. Taking this in consideration, formulations were prepared by the
accession of a release-retarding polymer HPMC shortly hypromellose and other excipients
in different proportions. The effects of polymer loading on drug release were recorded
after studying the effect of formulae excipient on the disintegration and dissolution time.

2. Experimental
2.1. Materials

Bisoprolol and hypermellose were a generous gift from Eskayef Pharmaceuticals Ltd,
Bangladesh. Magnesium stearate (Merck, Germany), lactose (Loba, India) and xanthan
gum (Merck, Germany) were used as received. All other materials were purchased from
local markets. Reagents were of analytical grade.

2.2. Final formulation of Bisoprolol sustained release tablets by direct compression
method

Sustained-release tablets of bisoprolol were prepared by the direct compression method
according to the formula given in Table 1. In this method, at first for each formulation
batch, the required amount of API (bisoprolol) 75 mg (for 30 tablets) and excipients are
weighed by the electronic weighing machine. Then bisoprolol 75 mg is mixed with
hypromellose and consequently other excipients like avicel, lactose, xanthan gum, poly
ethylene glycol (PEG), guar gum, and Mg stearate are mixed gradually in dry and clean
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mortar. The blend was passed through sieve no. 60. Matrix tablets were prepared by
hydraulic press fitted with 13 mm punch applying a compression pressure of 5 tons. Three
formulations have been prepared (F1-F3) in the same process.

Table 1. Formulations (F1-F3) prepared for a single dose.

Formul | Drug | Hypromel | Avicel Lactose | Xanthan | PEG | Guar | Mg Total

ation (mg) | lose (mg) | (mg) (mg) gum (mg) | gum | stearate | (mg)
(mg) (mg) | (mg)

F-1 25 150 100 150 50 0 50 5 507.5

F-2 2.5 200 100 100 50 50 0 5 507.5

F-3 2.5 100 100 200 0 50 50 5 507.5

2.3. Evaluation parameters

Evaluation of both powder blend and tablets were accomplished under three independent
experiments for assuring reproducibility.

2.3.1. Evaluation of powder blend

Angle of repose: 20 g of the sample was taken and it was passed through the funnel from a
certain height to obtain the heap. The height of the sample heap formed was measured.
The circumference formed was drawn with a pencil on the graph paper. The radius was
measured and the angle of repose was determined. This was repeated three times for a
sample and calculated by the following formula [7].

O =tan-t (h/r);
Where, h is height and r is radius.

Bulk density and tapped density: To determine bulk density, a quantity of 4 g of bisoprolol
powder was introduced into a 100 mL measuring cylinder. The initial volume of the
powder was taken. Then the cylinder was allowed to fall under its weight onto a hard
surface from a height of 2.5 cm and allowed to do this for about 50 times. After that, the
decreased volume was noted. Bulk density and tapped density can be calculated by using
the following formulas [8]:

Bulk density, pb = M / Vb; Tapped density, pt = M/ Vt
Where, M is mass of the powder, Vb is bulk volume of the powder and Vt is final tapping
volume of the powder.

Hausner ratio: Hausner ratio is the ratio that is associated with the flow-ability of a
powder or granular material [7].

Hausner ratio = pt/ pb;

Where, pt is tapped density and pb is bulk density.
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Carr's Compressibility Index: Carr's Compressibility Index is an indication of
the compressibility of a powder. The procedure is to measure the unsettled apparent
volume, (Vy), and the final tapped volume, (Vt), of the powder after tapping the material
until no further volume changes occur. The compressibility index was calculated as
follows [8]:

I = (pt—pb)/pt x 100
2.3.2. Evaluation of tablets

Weight variation: Twenty tablets were weighed individually and the average weight was
calculated. The individual weights were then compared to the average weight. The tablets
pass the test if not more than two tablets fall outside the percentage limit and none of the
tablets differ by more than double the percentage limit given below [7].

Average of the tablet percentage deviation: 80 mg or lesst 10 %; More than 80 mg and
less than 250 mg + 7.5 %; 250 mg or more + 5.0 % (According to British Pharmacopoeia).
% weight variation = (Difference between average weight and tablet weight/Average
tablet weight) x 100

Hardness: The tablet was placed between a fixed and moving jaw, the body of the
Monsanto hardness tester carries an adjustable scale which was set to zero against an
index mark fixed to the compression plunger, when the tablet was held between the jaws.
The load was gradually increased until the tablet fractured. The value measured in kgf of
the load at the point gave a measure of the tablet [9]. From each batch, three tablets were
measured for the hardness and average of six values was noted along with standard
deviations [10].

Diameter and thickness: Control of physical dimensions of the tablets such as diameter
and thickness is essential for consumer acceptance and tablet uniformity. Twenty tablets
from the representative sample were randomly taken and individual tablet thickness and
diameter was measured by using digital Vernier Caliper. Average thickness and diameter
standard deviation values were calculated.

Compactibility assessment: Here the force required for diametral breaking of the compacts
was determined using a hand operated hardness tester (Electrolab EH-01P). The tensile
strength o, of the compacts was calculated using the Eq. (1) [11,12].

2x

ox= wdt (1)
Where, x is hardness in Kgf, d and t are the diameter and thickness of the compacts in mm

respectively.
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In-Vitro dissolution studies: Dissolution of bisoprolol from various formulations were
studied in 900 mL distilled water at 37 °C using USP dissolution test apparatus Il
employing paddle stirrer at 70 rpm for 60 min [13]. A sample of Sustained Release drug
formulation equivalent to a 2.5 mg of bisoprolol was used in each test. At predetermined
time intervals, 5 mL of the sample was withdrawn using a syringe fitted with a pre-filter
and simultaneously replaced with fresh 5 mL dissolution fluid. These collected samples
were analyzed for bisoprolol content by measuring the absorbance at 225 nm. Percent of
Bisoprolol dissolved at various time intervals was calculated and plotted against time [14-
16].

2.4. Analysis of release data

The release data obtained were treated according to zero-order model (cumulative amount
of drug release versus time (h)) describing the system where drug release rate is
independent of its concentration, first-order model (log cumulative percentage of drug
remaining versus time (h)) describing the release from system where release rate is
concentration dependent and Higuchi model (cumulative percentage of drug release
versus square root of time (h)) describing the release of drugs from insoluble matrix as a
square root of time dependent process based on Fickian diffusion [17].

Zero-order kinetics: Zero-order release would be predicted by the Eq. (2):

AI = AofKot (2)
Where, A; is drug release at time t, A, is initial drug concentration, and K, is zero-order
rate constant (h™).

First-order kinetics: First-order release would be predicted by the Eq. (3):

Log C = Log C, — Kt/ 2.303 3)
Where, C is amount of drug remained at time t, C, is initial amount of drug, and K is First-
order rate constant (h™).

Higuchi’s model: Drug released from the SR devices by diffusion has been described by
the Eq. (4) [18]:
Q=Kt"* (4)

Where Q is amount of drug released at time t.

In-vitro disintegration test: Disintegration test of bisoprolol from various formulations
were studied on 6 tablets in 600 mL distilled water at 37 °C using USP disintegration test
apparatus 1l employing paddle stirrer at 70 rpm for 30 min. One tablet of Sustained
Release drug formulation equivalent to a 2.5 mg of bisoprolol was used in each test. After
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30 min, the thickness and diameter of those tablets are determined. From this decreasing
rate of thickness and diameter the disintegration rate can be determined.

Drug content uniformity: Ten tablets were powdered in mortar pestle and the blend
equivalent to 100 mg of bisoprolol was weighed and dissolved in 100 mL of phosphate
buffer solutions (pH 6.8). The solution was sonicated for 1 h, filtered through Whatman
filter paper (No. 1), suitably diluted with 100 mL of phosphate buffer (pH 6.8). From this
resulted solution 1 mL was taken, diluted to 50 mL using the same phosphate buffer and
absorbance was measured against blank by using double beam UV spectrophotometer
(UV-1800 Shimadzu, Japan) at 225 nm respectively. Each sample was analyzed in
triplicate.

The drug content of the tablets was determined according to in-house standards and it
meets the requirements if the amount of the active ingredient in each of the 10 tested
tablets lies within the range of 90 % to 110 % of the standard amount.

3. Results and Discussion
3.1. Evaluation of tablet blends

The granules of the different formulations were prepared and evaluated for angle of
repose, bulk density, tapped density, Carr’s compressibility index and hausner's ratio. The
results are presented in the Table 2. The results of angle of repose and compressibility
index (%) ranged from (21.04° to 25.12°) and (18.75 to 25.84) respectively. The angle of
repose value less than 30° indicates good flow properties [19]. This was further supported
by the lower compressibility index. The lowest compressibility index around 21 % and
below is considered to have fair and excellent flow properties [19]. The results of bulk
density and tapped bulk density were ranged from (0.417 to 0.449) and (0.513 to 0.606)
respectively.

Table 2. Evaluation of mixed blend of drug and excipients.

Formulation Angle of repose  Bulk Tapped Carr’s index Hausner’s

Code °) density density (%) ratio
(9/mL) (g/mL)

F-1 21.04 0.417 0.513 18.75 1.23

F-2 25.12 0.421 0.519 18.95 1.24

F-3 25.02 0.449 0.606 25.84 1.35

*The values are expressed as mean
3.2. Physical characterization and drug content of SR tablets
The prepared tablets were subjected to preliminary characterization such as physical

parameters (thickness, diameter, hardness, tensile strength and weight variation) of all the
fabricated tablets. The values are presented in Table 3. All the batches showed uniform
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thickness and diameter. The percentage of average weight variation of each formulation
was around 5 %, and hence all formulations passed the test for uniformity of weight as per
official requirements. The hardness of all the formulations is within the range of limit. So,
all the tablet formulations showed acceptable pharmacopoeial properties and complied
with pharmacopoeial specifications for weight variation. The tensile strength of the
compacts is presented in Fig. 1. The values of tensile strength were changed as a function
of polymer concentration in the formulation. When compared with F-1, other formulations
showed significant changes (p < 0.05) in the tensile strength. This result indicates that
hypromellose is good enough to use to solve the problem, where the tablets showed
insufficient tensile strength.

Table 3. Physical properties of the tablet formulations.

Formulati  Diameter Thickness Hardness Tensile strength Weight variation
on code (mm) (mm) (kgf) (kgf/mm?) (mg)
F-1 13.28+0.022  3.34+0.033  12.27 +0.194 0.177+0.010 503+6.738
F-2 13.31+0.026  3.33+0.027  12.71 £0.579 0.187+0.013 502.8+1.570
F-3 13.29+0.029  3.34+0.029  6.59+0.640 0.096+0.011 506.4+1.030
*The values are expressed as mean + SEM (standard error of mean)
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Fig. 1. The tensile strength of bisoprolol SR formulations.

3.3. Release kinetic studies

The dissolution data (from the values of 0 to 8 h drug release) of all formulations were
fitted into various mathematical models (zero-order, first-order, Higuchi) to know which
mathematical model will best fit the obtained release profile. The plotted figures of zero-
order, first-order and Higuchi were presented in Figs. 2 to 4. The release kinetics
parameters of all formulations were presented in Table 4. Based on highest regression
coefficient value (R?) the best-fit model for all formulations was Higuchi model. When the
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data were plotted according to a Higuchi equation, t

he formulations F-2 and F-3 showed a

fair linearity, with regression values 0.9581 and 0.9782 respectively, while the data were
plotted according to a first-order equation, the formulations F-2 and F-3 also showed a fair
linearity, with regression values 0.9815 and 0.9823 respectively. These changes may be
attributed by the presence of PEG in the formulations. This finding was in accordance
with other reported works [20,21]. Moreover, when the Higuchi release rates (Fig. 5) of
the formulated tablets were statistically compared with that of F-1, we found a significant
(p < 0.05) changes of the drug release rate in line with the changes of the polymer

concentration in the formulations used in this stud
governs the non-fickian mechanism.

y. The drug released from the matrix
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Fig. 2. Percentage of cumulative release at various times (Zero order plot).
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Fig. 3. Percentage of log cumulative remaining drug at various times (First-order plot).



M. Masumet al., J. Sci. Res. 13 (1), 209-219 (2021) 217

120

—o— 9% ofrelease(F-1)—®— % ofrelease(F-2) % ofrelease(F-3
100 f
o 80 1
@ i
<@
2 60 1
IS
X 40 1 A
20 1
O T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (h)

Fig. 4. Percentage of cumulative drug release at Vt time (Higuchi model).

Table 4. Release kinetics parameters at various methods for formulations (F-1-F-3).

Formulations Value of R?
In zero order In first order In Higuchi method
F-1 0.8899 0.8899 0.8072
F-2 0.9815 0.9815 0.9581
F-3 0.9823 0.9823 0.9782
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Fig. 5. Bar diagram of Higuchi release rate.
3.4. Release of drug according to Higuchi equation

Based on highest regression coefficient value (R?) the best-fit model for all formulations
was Higuchi model. From this experiment, it was observed that the rate of drug release
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changes when the amount of polymer changes and it is statistically significant and
presented in Fig. 4. Time required for 25, 50 and 75 % of drug release was corrected using
linear equation of Higuchi plot and presented in Table 5. From this study, it was observed
that F-2, F-3 took more time for 75 % of drug release.

Table 5. Required time for 25, 50 and 75 % of drug release.

Formulation Code Time 25% (h) Time 50 % (h) Time 75 % (h)

F-1 0.75 151 2.26
F-2 0.65 1.29 1.94
F-3 0.65 1.30 1.96

3.6. Drug content (assay)

The drug content of all the tablet formulations was analyzed. The results of percent drug
content of various formulations are presented in Fig. 6. The percent drug content of all the
formulations represented good uniformity and ranges from 75.5 to 91 %.
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Fig. 6. Percentage assay of the formulations.
4. Conclusion

In this study, granules with good flow property were successfully compressed to prepare
sustained release formulation. Among all the formulations F-2 and F-3 were good enough
in terms of drug release and content. Finally, the present study concluded that the
combination of both hydrophilic and hydrophobic polymers could be successfully
employed for formulating sustained-release tablets of bisoprolol. However, further
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extensive studies are required to establish good correlation between bioavailability and
drug dissolution.
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