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Abstract

Objective:

The main objective of this current study is to formulate gastroretentive tablets of carvedilol
using different concentrations of polymers and excipients for retaining the medication in
the stomach, as solubility is higher at an acidic pH.

Methods:

The direct compression method was used for preparing GRDDS with varying
concentrations of polymers. The drug-excipient compatibility study was conducted. A total
of nine formulation batches were developed and evaluated for pre and post compression
parameters. The buoyancy behaviour and swelling index were conducted for all
formulation batches. The optimized formulation batch studied the impact of the pH on
floating and drug release.
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Results:

In the prepared formulations F1-F9, hardness was in the range of 4-6kg/cm?, friability was
<1%, and drug content ranged from 98.48 to 99.87%. The buoyancy lag time showed a
range of 45 to 78 seconds, and the total floating time was found to be >7 hours.
Formulation batch nine reports the highest swelling index of 61.04% and a better drug
release of 46.47% for 6 hours. The impact of pH on floating behaviour and drug release
results shows there was no impact on the properties.

Conclusion:

All formulation batches pre- and post-formulation results are within the specifications, and
F9 was the finest formulation to treat hypertension. The floating tablets of Carvedilol
maintain drug delivery, which improves bioavailability, therapeutic efficacy, and patient
compliance.

Keywords: Carvedilol, Floating, Gastroretentive dosage form, Direct compression
method, Buoyancy.

1. Introduction

For decades, the oral route of drug delivery has been recognized as the most promising
and convenient route of administration among all other routes of systemic drug delivery?.
In contrast to conventional drug delivery, oral sustained or controlled drug delivery
provides continuous, predictable, and reproducible kinetics that help to reach the
maximum achievable therapeutic plasma concentration. The modified dosage forms give
better patient compliance® . These dosage forms are not intended to deal with issues
related to physiological conditions of the stomach and gastric emptying, which have the
potential to impact the bioavailability and therapeutic efficacy of the medication. The
gastroretentive dosage forms were aimed at retaining the medication in the upper part of
the stomach; gastric emptying is delayed, and the dose form is concentrated in the GIT
4. These GRDDS will stay in the stomach for a longer period, prolong the GRT of the
dosage form, and improve bioavailability while minimizing drug degradation owing to
enzymatic metabolism in the intestinal environment. As a result, there is less drug waste,
and medications that are less soluble in alkaline pH are more soluble®.

Carvedilol, a nonselective adrenergic blocking medication with 1-blocking efficacy,
lowers blood pressure and is a common treatment for symptomatic heart
failure®. Carvedilol pH-influenced solubility requires increasing the drug's absorption
profile in the upper part of the stomach, expanding the absorption, and making it a
candidate for the GRDDS. Due to high first-pass metabolism, carvedilol has a
bioavailability of 25-35% and a half-life of 6-9 hours. The rate of absorption is delayed
when given with meals, put off in the time it takes to reach peak plasma levels, with no
discernible variation in the amount of bioavailability” 8. Research work was conducted to
formulate and evaluate the gastroretentive tablet to prolong the drug release. The
development of the gastroretentive dosage form relies on drug and polymer interaction
studies, evaluation parameters, buoyancy behaviour.
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2. Materials and Methods:

A free sample of carvedilol was received from Sun Pharma, Pvt. Ltd, India. Sodium
alginate (Thomas baker chemicals Pvt Itd, Mumbai), Carboxy methyl cellulose- Sodium
(Rolex chemical industries, Mumbai), Guar gum (Loba chemie Pvt. Ltd, Mumbai),
Microcrystalline cellulose (MCC)and Citric acid (S.D. fine-Chem Ltd, Mumbai), Sodium
bicarbonate (Nice chemicals, Kerala), Magnesium stearate (Loba chemie Pvt. Ltd,
Mumbai). Other materials and solvents used were of analytical grade. All the studies were
conducted using double distilled water.

Methods:

Determination of calibration curve

Carvedilol 100mg was dissolved in a few ml of methanol in a 100 ml volumetric flask.
The solution was then made up to the required concentration using 0.1N HCI to give 1000
mcg/mL (stock 1). To make a solution with a concentration of 100 mcg/ml (stock 1), 10
ml of this solution is dispersed into 100 ml with 0.1 N HCI. Using 0.1 N HCI, the volume
of stock solution-2 was raised from 10 ml to 100 ml in order to achieve concentrations of
10 g/ml. Pipette 2, 4, 6, 8, or 10 ml of solution into a 10 ml volumetric flask, and then add
0.1N HCI to the solution to bring the volume up to 10 ml to get 2, 4, 6, 8, or 10 g/ml
concentrations® °,

Standard Calibration Curve of carvedilol

12 y=0.0992x + 0.0074
R?=0.9988

® Absorbance(nm)
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Figure No. 1 Calibration curve of Carvedilol

Drug excipient compatibility studies by FTIR:

FTIR spectroscopy determines the functional groups in the drug molecule. The
electromagnetic radiation passes through the sample range of 400 cm-1 and 4000 cm-1.
The molecules present in drug and polymers have their bonds occupied by electromagnetic
radiation, causing them to spin. The wavelength of the radiation absorbed is a property of
the bond that absorbs it!°,
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Formulation of floating tablets

The direct compression technique was used to develop CVD gastroretentive tablets, and
the formula is shown in Table 1. The key ingredients for twenty tablets were accurately
weighed and properly mixed after passing through sieve no. 22 to achieve uniformity.
Initially, the exact amounts of the active ingredient, carvedilol, and the polymer were
blended in the powder mixture in opposition to the precise amounts of the effervescent
agents, NaHCO3 and citric acid, which were added separately. The blend was uniformly
blended with microcrystalline cellulose (MCC), and the tablet mixture was lubricated with
magnesium stearate. Using circular tablet punches with a diameter of 6.0 mm, tablets
containing 15.5 mg of carvedilol were compressed using a tablet machine!**?,

Table I: Master formula for Gastric floating tablets

S.NO | INGREDIENTS | F1 F2 F3 F4 F5 Fé F7 F8 F9
(mg) | (mg) | (mg) | (mg) | (mg) | (mg) | (mg) | (mg) | (mg)

1 Carvedilol 15.5 | 15.5 | 15.5 | 15.5 | 15.5 | 15.5 | 15.5 | 15.5 | 15.5

2 Guar gum 10 - - 15 - - 20 - -

3 Sodium alginate | - 10 - - 15 - - 20 -

4 Sodium CMC - - 10 - - 15 - - 20

5 Microcrystalline | 47.5 | 47.5 | 47.5 | 42.5 | 425 | 425 | 37.5 | 375 375
cellulose

6 Sodium 20 20 20 20 20 20 20 20 20
bicarbonate

7 Citric acid 5 5 5 5 5 5 5 5 5

8 Magnesium 2 2 2 2 2 2 2 2 2
stearate

Total weight of each tablet 100 (mg)

Pre-compression parameters

Bulk density (BD):

The total weight of the powder divided by the bulk volume is the bulk density. Particle
form has a significant impact on bulk density; as particles got more spherical in shape,
bulk density rose. A measuring cylinder was filled with five grams of powder after it was
weighed. The bulk volume and weight of the powder were obtained®®. The BD was
calculated using the formula.

pb=M/Vy 1)
Where, pb = BD, M = weight of sample

Vo = apparent unstirred volume

Tapped density (TD):

To measure BD, it was configured for 150 tapings, and the final volume was calculated
utilizing the formula :

pt=M/ Vs @)

VOLUME 22 : ISSUE 11 (Nov) - 2023

http://ymerdigital.com

Page No:1552



YMER || ISSN : 0044-0477 http://ymerdigital.com

Where, pt = Tapped density

M = weight of sample

Vs = final Tap volume

Angle of repose (O)

The angle of repose is calculated using the fixed-funnel method used to complete the test.
An angle of powder was created on the paper by allowing the powder mass to fall through
the funnel hole that was fastened vertically to the plain paper that was moving over the
horizontal surface. The following equation can be used to get the angle of repose by
dividing the pile's height (h) by its radius (r)'*°.

O =tanY(hr) (3)
Where, h = height of the pile of powder (cm), r = radius of the pile (cm).
Compressibility Index

The TD and the BD are used to calculate the compressibility index. The formula was used
to calculate the compressibility index*®.

Compressibility Index (%) = [(TBD — LBD) x 100}/TBD 4)
Where, TBD is the total bulk density and LBD is the loose bulk density.

Hausner’s ratio

By dividing the ratio of the tapped density by the ratio of the poured density, one can get
Hausner's ratio using the formula below.

Hausner’s ratio = Vor \%i 5)
Where, VT = final tapped volume, Vo = initial untapped volume.

Post-compression parameters

The formulated gastroretentive dosage form was evaluated for thickness, hardness,
friability, drug content, and weight variation. Tablet hardness was evaluated using a Pfizer
hardness tester, while tablet friability was assessed using a Roche friabilator. A Vernier
caliper was used to measure the thickness of the tablets. The weight variation test was
conducted using the recommended methodology. By measuring the sample's absorbance
at 240 nm with a Shimadzu UV spectrophotometer and comparing the content with the
calibration curve of the sample, the drug content of carvedilol was determined>®

In vitro buoyancy determination

The GRDDS depends significantly on its floating properties, and it has an impact on the
DDSs' in-vitro performances. The time length of floating and lag time was measured using
the in vitro buoyancy that was achieved. 100 ml of pH 1.2 buffer was taken. Both the total
floating time and the FLT the amount of time it takes for the tablet to rise from the water!’,

Determination of swelling behaviour

Tablet swelling behaviour was examined at room temperature in buffer pH 1.2 of 0.1N
HCI. The tablet's increased dimensions were calculated at predetermined intervals'®2,

% Increase in Diameter: Diameter final — Diameter initial x 100

(6)

Diameter initial
% Increase in Thickness: Thickness final — Thickness initial x 100 @)
Thickness initial
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In vitro dissolution studies

Tablet dissolution assays were performed to investigate in vitro medication release.
Dissolution was accomplished using a USP XIII dissolving device type 11 (paddle type).
900 ml of buffer pH1.2 maintained at 37 °C served as the dissolution medium. 50 rpm was
the continuous paddle speed. At intervals of 0, 1, 2, 3, 4, 5, 6, and 5 ml, samples were
withdrawn and returned in the same buffer. Readings were taken at 240 nm by using a UV
spectrophotometer 120,

Drug excipients compatibility studies by DSC:

Conducting the thermal analysis using DSC investigations, the potential for any
interactions between Carvedilol and the excipients in floating tablets was evaluated. For
DSC studies, pure drug (Carvedilol) and tablets of optimized formulation F9 were taken,
and the thermal behaviour of samples was determined using DSC at a heating rate of 10
C/min. The measurements were performed at a heating range of 30 to 200°C under a
nitrogen atmosphere?%2L,

Impact of pH on floating behaviour

The optimized batch formulation was subjected to an evaluation of the floating behaviour
of tablets at different pH. To examine the impact of pH on buoyancy, pH buffer solutions
of 1.2, 2, and 3 pH, each 100 ml, were made of hydrochloric acid?%?3,

Impact of pH on drug release

The test was conducted on the improved formulation to determine the impact of pH and
stomach contents on medication release. Different pH levels were investigated, and a
dissolution profile was found. pH 1.2, 2, and 3 are buffered by hydrochloric acid®*%.

3. Results and discussion:

With the intention of extending the GRT of a poorly soluble BCS Class Il drug,
gastroretentive tablets were made employing several polymers (Na CMC, sodium alginate,
and guar gum), MCC, citric acid, and sodium bicarbonate as gas-producing agents.
Calibration curve:

Carvedilol calibration curves were constructed at a maximum recorded wavelength of 240
nm in 0.1N HCL buffer solutions with a pH of 1.2. The calibration curve was created using
Beer's law with concentrations between 2 and 10 g/ml. Following the technique, the
linearity of the carvedilol standard graph was plotted. With an R? of 0.998, the carvedilol
standard graph displayed (Fig. 1) excellent linearity and complied with "Beer-Lambert's"
law.

Pre-compression parameters:

All formulation batches, their pre-compression parameters, and evaluated results are
shown in Table II. The bulk and tapped densities for all formulations of powder blends
range from 0.39 to 0.47 and 0.54 to 0.62. The manufactured powder blend for direct
compression has a tolerable Carr's index and angle of repose value range of 15.33+0.8 to
26.57+1.1 and 31.80.44 to 35.5+0.82, respectively. As shown in Table II, the powder flow
attribute is once again connected with Hausner's ratio, with values set between 1.16 and
1.34 signifying a moderate flow.
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Table No II: Pre-compression parameters of powder blend

http://ymerdigital.com

S. Formulation | Angle of | Bulk Tapped Carr's Hausner's
No repose Density Density index (%) | ratio (*
(£SD) (gm/ml) (gm/ml) SD)
1 Fl 26.21+£0.04 | 0.34+0.01 | 0.52+0.02 18.65+0.06 | 1.18+0.05
2 F2 27.16+0.01 | 0.387+0.03 | 0.62+0.04 15.31+0.07 | 1.11+0.04
3 F3 26.24+0.03 | 0.47+£0.06 | 0.55+0.01 20.63+0.04 | 1.09+0.02
4 F4 29.11+0.07 | 0.41+£0.04 | 0.51+0.07 19.52+0.01 | 1.29+0.06
5 F5 26.37+0.09 | 0.42+0.03 | 0.56+0.03 24.12+0.03 | 1.06+0.03
6 F6 25.51+0.06 | 0.45+0.01 | 0.52+0.01 18.57+0.01 | 1.05+0.01
7 F7 26.26+0.03 | 0.41+£0.04 | 0.62+0.02 22.56+0.04 | 1.26+0.03
8 F8 27.41+0.09 | 0.39+0.05 | 0.58+0.03 23.61+0.07 | 1.05+0.05
9 F9 26.56+0.04 | 0.47+0.02 | 0.54+0.01 26.24+0.05 | 1.28+0.04

Drug excipients compatibility studies:

FTIR tests were conducted using the pure drug carvedilol and excipients. A physical
mixture of the medication and polymers was obtained, and its IR spectra were examined.
The principal peaks are at 3342.71 cm-1 due to N-H stretching, 2989.98 cm-1 due to O-H
stretching, 2919.57 cm-1 characteristic of C-H stretching, 1250.73 cm-1 due to the C-O
group, 1502.89 cm-1 characteristic of aromatic C=C stretching, and 1099.15 cm-1
characteristic of C- The FTIR characteristics of carvedilol with polymers are almost
identical to the spectra of real carvedilol samples. According to the investigations, there is
no compatibility issue between drugs and polymers. The peaks are shown in figures 2,3,4

and 5.
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Figure No. 2: FTIR spectrum of carvedilol standard
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Figure No: 4: FTIR Spectrum of carvedilol, polymers, and excipients
(Physical Mixture 2)
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Drug polymer compatibility studies using DSC:

DSC investigations on the potential physical interactions between the excipients and the
pure carvedilol were conducted. The melting point of the substance was indicated by the
sharp endothermic peak that the pure drug produced at 116.17 °C. The optimized
formulation F9 is taken, and the thermal behaviour of the sample is determined using a
differential scanning calorimeter. The endothermic peak obtained after stability studies is
113.39° °C. There is no significant change in the endotherm peak of the drug observed in
optimized floating tablets. This led to the conclusion that, even after stability testing, there
was no interaction between the API and excipients. The graphs are shown in Fig. 6a, 6b.
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Figure No. 6 a. DSC thermogram of pure Carvedilol
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Figure No. 6 b. DSC thermogram of formulation F9

Post compression parameters: The mean values of thickness ranges from 2.7+0.9,
diameter 3.3£0.98 mm, hardness ranges from 4.6£0.42 to 5.5+£0.56, Friability 0.57 -
0.78%, weight variation 99+1.6 to 101.14+2.06 and drug content ranges from 97.55 to
104.05% of prepared gastric floating tablets and shown in Table III along with S.D. The
pharmacopeia limit was found to be fulfilled for weight variation and percentage friability
across all formulations of all batches.

VOLUME 22 : ISSUE 11 (Nov) - 2023

http://ymerdigital.com

Page No:1557



YMER || ISSN : 0044-0477

Table-III: Evaluation of Physical parameters for formulated tablets

Formul | Thickness Hardness in | Friabili | Weight Drug
ation in mm | kg/cm? ty variation | Content
(£SD)
Fl 1.3+0.12 5.2+0.34 0.340 100+1.99 99.5+(0.19
F2 1.2+021 5.4+0.73 0.115 101+1.98 98.85+0.27
F3 1.3+0.53 5.2+£1.92 0.263 100+2.7 104.05+0.11
F4 1.3+£0.16 4.8+0.44 0.290 99+2.5 97.55+0.21
F5 1.3+0.42 4.9+0.28 0.463 101+1.3 98.85+0.26
Fé6 1.2+0.53 4.7+0.37 0.528 100+1.59 99.5+0.17
F7 1.3+0.24 5.3+0.89 0.409 99+1.6 97.55+0.32
F8 1.2+0.16 4.6+0.42 0.232 101+2.06 98.2+0.33
F9 1.2+0.29 5.5+0.56 0.288 100+2.5 99.5+0.16

In vitro buoyancy determination:
The lag time duration ranged from 45 to 78 s in all formulations. All formulations were
produced with the same gas-producing agent concentration, but the floating lag time varied
since it relied on the quantity and density of the polymer employed. All results are
compared in Table IV and Fig.7.

Table-T1V: Floating study report

Formulation Floating lag time Total Floatation time
(FLT) (TFT)

Fl 65 >6

F2 59 5.5

F3 78 6

F4 55 >6

F5 71 >6

Fé 45 >6

F7 50 >6

F8 45 >7

F9 47 >7
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Swelling Index:

The measurement of swelling as a percentage was based on formulation studies of water
uptake. The variation in tablet swelling was caused by the change in polymer
concentration. At the conclusion of the four hours, the swelling had fully developed, after
which diffusion and erosion started. In comparison to formulations containing sodium
CMC, those containing sodium carboxymethyl cellulose exhibit increased swelling. With
a higher polymer concentration, the tablets' swelling index is shown in Table V and Figure

8.

(d) 3 Hour
Figure No. 7: In vitro buoyancy study of carvedilol floating tablets

(e) 4 Hour

(®) 5 Hour =

Table No: V: % Swelling index of formulated floating tablets F1-F9

http://ymerdigital.com

TIME | F1 F2 F3 F4 F5 F6 F7 F8 F9
1hr 19.27 | 26.43 [19.21 | 18.48 [20.11 | 17.64 |10.24 [9.25 | 29.06
2hr 26.09 (446 |34.12 |30.12 [33.16 |28.72 |19.19 | 16.37 | 32.18
3hr 39.02 |40.57 |49.56 | 47.23 [48.32 | 46.16 |28.12 | 24.43 | 48.7
4hr 52.47 |56.22 |51.89 |51.42 [53.06 |36.45 |39.21 |52.09 | 61.04
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SWELLING INDEX (F1-F9)
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Figure No :8 Swelling index comparison graph F1-F9

In- vitro dissolution study: The nature and concentration of the polymer affect the
dissolving study's conclusions. The formulation of the sustained-release floating tablets is
evaluated for drug release in an in vitro dissolution procedure. The USP XIII paddle-type
device was used to conduct the in vitro dissolution test in 900 ml of 0.1 N HCL at 50 rpm
and 37.5°C. The kind and concentration of the polymer affects the dissolving study's
conclusions. polymer-containing formulations (API, carboxymethyl cellulose, sodium
salt, sodium alginate, guar gum, MCC, sodium bicarbonate, citric acid, and magnesium
stearate (F1-F9)). The drug release from formulation F9 with sodium carboxymethyl
cellulose was 46.47% in 6 hours. The drug release from the formulation incorporating
sodium alginate (F8) was 49.85% in 6 hours. The drug release from the Guar Gum (F7)
containing formulation was 65.09% in 6 hours. When compared to formulations
comprising sodium alginate and guar gum, formulation F9 with sodium carboxymethyl
cellulose has a better release profile. All the results are shown in Table VI and Figure 9.

Table No: VI: Cumulative Drug Release F1-F9

TIM | % CUMULATIVE DRUG RELEASE

E F1 F2 F3 F4 F5 F6 |F7 F8 | F9

(HRS

)

0 0 0 0 0 0 0 0 0 0

1 20.48 8.77 12.37 | 28.68 [20.03 |25.16 [30.63 |22.38 |8.77
2 32306 |18.19 |24.81 |32.93 |28.97 [26.47 |37.04 |26.63 |18.19
3 46.41 28.78 | 34.306 |41.21 [34.32 [34.09 | 42.209 | 34.90 | 28.78
4 57.61 38.205 [39.66 |52.32 |42.607 | 38.23 [50.54 |37.89 |38.2
5 60.607 |41.76 |45.58 |65.26 |50.31 |41.76 | 53.41 |44.39 | 41.76
6 75.84 5759 |52.68 |71.18 [52.71 |50.56 | 65.09 |49.85 |46.47
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In-Vitro Dissolution Profile For F1-F5
Formulations
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R @ = s

Figure No: 9 In-vitro Dissolution profile for F1-F9 Formulations
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Impact of pH on floating behaviour:

In-Vitro Dissolution Profile For F6-F9
Formulations
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The impact of a pH shift on the FLT and FT of the improved formulation (F9) was
assessed. The findings demonstrated that the formulation's FLT and FT were not impacted
by pH changes, as shown in Table VII. Thus, it may be deduced that changes in the pH of
the gastric content may not have an impact on the floating behaviour of the dosage form.

Table: No: VII: Effect of pH on floating behaviour for optimised

formulation
pH Medium Optimised Formulation (F9)
FLT (secs) TFT (hrs)
pH 1.2 45.25 >7
pH 2 46.64 >7
pH3 46.25 >6

Impact of pH on drug release:
On release of the drug, the impact of pH variation on the optimized formulation (F9) was
assessed. Variations in the gastric contents may not alter the floating lag time (FLT) of the
tablets, according to in vitro buoyancy tests. It is also possible that the drug release may
not be impacted. The impact of varying pH levels on medication release leads to the
conclusion that pH changes brought on by variations in the stomach environment may not

have a substantial impact on drug release, as shown in Fig. 10 and Table VIII.
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Table. No: VIII: Effect of pH on drug release

Time % CDR (pH 1.2) % CDR (pH 2) % CDR (pH 3)
(hrs)

0 0 0 0

1 8.77 9.25 15.47

2 18.19 15.67 21.89

3 28.78 29.48 28.88

4 38.2 40.22 35.72

5 41.76 43.68 39.98

6 46.47 47.19 45.93
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Figure. No :10: Effect of pH on % CDR

4. CONCLUSION:

The aim of the present study was to prepare floating tablets of carvedilol. For this study,
various polymers like guar gum, sodium alginate, and sodium carboxymethyl cellulose
were used. The Preformulation and post formulation results were within the limits of the
standard. Among all the formulations (F1-F9) F9 showed the best floating lag time of 45
seconds & total floating time was more than six hours. F9 containing sodium
carboxymethyl cellulose showed the highest swelling index of 61.04% and the percentage
drug release at 6hrs was 46.47%. The effect of pH on floating and drug release was carried
out for the optimized formulation, and it showed that there was no impact on the pH. Thus,
it can be concluded that the gastroretentive tablets of Carvedilol can be formulated by
using the hydrophilic polymer (Na CMC) in various concentrations.
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