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ABSTRACT

The present study focuses on the formulation and evaluation of a Floating Drug Delivery System (FDDS) of Metoprolol
Tartrate to enhance gastric retention and provide sustained drug release. Tablets were developed using hydrophilic polymers
HPMC KI5M and Guar Gum through direct compression. Evaluation parameters included physical characteristics,
buoyancy behavior, and in-vifro drug release kinetics. The optimized formulation exhibited a floating lag time of 39
seconds, a total floating time of 8.46 hours, and 90% drug release within 12 hours. Drug release followed Higuchi kinetics
and non-Fickian (Super Case II) diffusion, indicating a swelling-controlled mechanism. Stability studies confirmed the
robustness of the formulation over three months under accelerated storage conditions. These findings suggest the
formulation is suitable for once-daily dosing, potentially enhancing therapeutic efficacy in the treatment of hypertension
and related cardiovascular disorders.
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INTRODUCTION

Floating Drug Delivery Systems (FDDS) are designed to
prolong gastric residence time and control the release of
drugs, particularly those absorbed in the upper
gastrointestinal tract, such as the stomach, duodenum, and
jejunum!2. These systems provide several therapeutic
benefits, including enhanced bioavailability, reduced
dosing frequency, and improved patient compliance. By
remaining buoyant in the stomach, floating tablets avoid
premature drug release in the lower GI tract, reduce
fluctuations in plasma drug levels, and enable targeted
therapy for gastric and duodenal disorders®*. In this context,
the present research focuses on the formulation of a
sustained-release floating matrix tablet of Metoprolol
tartrate, a selective Bl-blocker widely used in managing
hypertension, angina, and heart failure®. Cardiovascular
functions like heart rate and blood pressure exhibit
circadian variations, and the incidence of events like
myocardial infarction and stroke is known to peak in the
early morning hours. By aligning drug release with this
circadian rhythm, a floating dosage form of Metoprolol may
help prevent critical fluctuations and enhance treatment
outcomes®.

Metoprolol tartrate has a short half-life of 3—7 hours and
high solubility and permeability in the gastrointestinal tract.
Therefore, developing a gastroretentive formulation
enables sustained plasma levels and therapeutic action. In
this study, FDDS was developed using hydrophilic
polymers HPMC K15M and HPMC K100M, and the

formulation variables were optimized using a Design of
Experiments (DoE) approach’.

METHODOLOGY

All formulations were created via direct compression
utilising multiple viscosity grades of HPMC polymer in
varying ratios. The metoprolol tartrate along with all other
components were separately subjected to sieve no. 60. All
the components were well combined by triturating for up to
15 minutes. The powder combination was lubricated
utilising talc (Table 1). The single punch tablet press was
utilised for the compression of floating tablets.

Evaluation of Floating Tablet (Metoprolol Tartrate)
Total Floating Time

The in-vitro buoyancy of the tablets was examined by
immersing into 900 ml of plastic containers containing
900ml of 0.1 N HCI (pH 1.2, 37 = 0.5°C). The floating lag
periods (the interval between tablet placement in the
medium and its subsequent flotation) and the duration of
flotation were assessed using visual observation®.
Hardness

It is the force that is delivered over the tablet's diameter to
cause it to break. In this test, a tablet is positioned between
two anvils of a hardness tester; force is exerted on the
anvils, and the crushing strength that causes the tablet to
fracture is noted.

Friability

The friability of uncoated tablets is evaluated using an
Electrolab friabilator in a laboratory setting. This apparatus
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Table 1: Formulations table for the production of Metoprolol tartrate floating tablets

Ingredient Fl F2 F3 F4 F5 F6 F7 F8 F9
Metoprolol Tartrate 50 50 50 50 50 50 50 50 50
HPMC K15M 60 60 60 40 40 40 20 20 20
Guar Gum 50 30 10 50 30 10 50 30 10
Microcrystalline cellulose 30 30 45 45 45 45 45 45 45
Di calcium Phosphate 90 110 100 90 100 110 90 110 115
Magnesium Stearate 5 5 15 5 15 15 20 20 20
Talc 5 5 10 10 10 20 15 15 30
Total weight of tablet (mg) 300 300 300 300 300 300 300 300 300

exposes several tablets to simultaneous abrasion and shock
by employing a plastic container that rotates at 25 rpm,
dropping the tablets from a height of six inches during each
cycle for a total of 100 revolutions. The tablets are
subsequently dusted and reweighed. Tablets that lose less
than 0.5 - 1% of their weight during testing are deemed
acceptable for the majority of goods. It is defined as mass
loss and quantified as a percentage of the starting mass. The
degree of friability was determined using the following

formula®!°:
o Initial weight — Final weight
% Friability = — . x 100
Initial weight
Weight Variation Test

The weight variance of tablets is assessed by individually
weighing 20 tablets and calculating the mean weight. The
tablet passes the test if no more than two separate weights
vary from the % limitations'!.

% Drug Content Uniformity

The 20 tablets were weighed, placed in a mortar, and
pulverised to a fine powder. A 100 ml volumetric flask was
used to combine 100 mg of Metoprolol tartarate powder
with 0.1 N hydrochloric acid. The sample was subsequently
heated at 60°C for 30 minutes. The solution was subjected
to filtration via a membrane filter (0.45 nm), after which its
absorbance was measured at 275 nm. The quantity of the
medicine was determined using a standard graph!2.
Floating Lag Time

The in-vitro buoyancy was assessed using floating lag times

Table 2: ICH specification

Study Storage condition Minimum time
Long term 25°C £ 2°C/ 60%RH 12 months
+ 5% RH
Intermediate  30°C £+ 2°C/ 65%RH 6 months
+ 5%RH
Accelerated  40°C + 2°C/ 75%RH 3 months
+ 5% RH

tablets were placed in a 100 ml beaker bearing 0.1 N
hydrochloric acid. The duration necessary for the tablet to
ascend to the surface and achieve buoyancy was designated
as floating lag time. The experiments were performed in
duplicate. Total floating durations were assessed during in-
vitro dissolution experiments.

In-vitro Dissolution Studies

In-vitro drug release experiments of Metoprolol tartrate
were conducted utilising a USP type II dissolving
equipment with a stirring speed of 100 rpm at 37 = 0.5°C in
900 ml of 0.IN HCIl. Samples were collected at
predetermined time intervals, with an equivalent volume of
dissolving medium replaced. The samples were diluted,
and the absorbance was spectrophotometrically measured at
275 nm. The proportion of Metoprolol tartrate released at
different time intervals was determined using the standard
graph!3,

Analysis of Drug Release Kinetics

In order to examine the release mechanism of drug sample

according to the methodology outlined by Rosa et al. The from the prepared microspheres of the optimized
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Figure 1: Cumulative % drug Release of the formulation F1-F9
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Table 3: Results of Various Evaluation parameter of formulation F1-F9

Formulation Weight Hardness Friability % drug Floating Lag Total Floating
code (mg) (Kg/cm?) (%) content Time (sec) Time (hrs.)
Fl 289 4.93 0.75 96.28 61.25 7.82

F2 287 5.09 0.15 97.26 57.24 6.31

F3 286 5.17 0.23 94.51 46.23 9.14

F4 284 5.12 0.63 95.62 39.12 9.24

F5 298 5.17 0.65 97.12 42.16 7.4

F6 288 5.14 0.56 98.51 37.54 9.75

F7 287 5.03 0.59 96.43 28.6 10.4

F8 291 5.11 0.48 94.36 37.64 8.23

F9 293 5.07 0.41 98.47 38.29 10.45

formulation, the result of dissolution study was examined in
accordance to the kinetic model such as zero-order kinetics.
First-order kinetics, Higuchi equation, Korsmeyer-peppas
equation'*!3,

Zero Order Kinetics

Drug dissolution from pharmaceutical dosage forms that do
not disaggregate and release the drug slowly (assuming that
area does not change and no equilibrium conditions are
obtained) can be the following equation:

Qo — Qt =Kot

Where Qo is the initial amount of drug in the pharmaceutical
dosage form, Q: is the amount of drug in the pharmaceutical
dosage form at time t and K is proportionality constant.
First Order Kinetics

The relation expressing this model:

Log C =log Co — Kt/2.303

Where C is the amount of drug released in time t, Co is
initial amount of drug in the solution and K is the first order
release rate constant.

Kersmeyer Peppas Model

It can be represented by the following equation:

Mt/Moo = Ktn

K is a constant incorporating structural and geometric
characteristic of the drug dosage form and n is the release
exponent. Indicative of the drug release mechanism. For
matrix tablets, an n value of = 0.5 indicates diffusion —

controlled mechanism while an n value of~ 1.0 indicates
erosion — controlled release. Intermediate values suggest
dual mechanism of both diffusion and erosion'®.

Higuchi Model

It can be represented by the following equation:

Qt =Khtl/2

Where Qt = the amount of drug released at time t and

Kh = the Higuchi release rate.

Stability Studies

Stability investigations of the optimised formulations were
conducted under ambient humidity, at room temperature, at
40°C, and in a refrigerator for a duration of up to 60 days.
The samples were extracted after 15, 30, 45, and 60 days
and analysed for appearance, hardness, friability, floating
test, and drug content. Table 2 contains the ICH
specifications for stability study!’.

RESULTS AND DISCUSSION

Results of Weight variation, Hardness, Friability (%), %
drug content, Floating Lag Time and Total Floating Time
(hrs) are tabulated in table 3.

The floating tablet formulations (F1-F9) showed slight
variations in physical and performance characteristics. The
tablet weights ranged from 284 mg (F4) to 298 mg (F5),
indicating good uniformity. Hardness values were
consistent across batches, ranging from 4.93 to 5.17 kg/cm?,

Table 4: Cumulative % drug Release of the formulation F1-F9

Time (Hr.) Fl F2 F3 F4 F5 F6 F7 F8 F9

1 14.321 10.299 13.0825  12.452 8.4433 11.2268  8.4433 8.90722  12.1546
2 17.712 15.1466  17.9363  14.321 12.359 16.0765  12.359 13.2878  17.0064
3 22.678 16.108 18.9039  17.712 133142 17.04 13.3142  14.2452  17.972
4 26.2 18.2777  21.0798  22.678 16.4056  19.2118 16.4056  17.3386  20.1458
5 529 20.1738 229821 26.2 17.3697  21.1099 173697 19.2326  22.046
7 57.19 35.7132  38.5276 529 329029  36.6513 329029 35.6977  37.5895
10 69.916 46.0911 489118 57.19 432746  47.0313 432746  46.0757 47.9716
12 78.436 65.8631  68.6899  69.916 63.9683  66.8054 63.9683 65.8476  67.7476
14 84.432 76.3076  79.1406  78.436 74.4087  77.252 74.4087  74.5293  78.1963
16 87.904 81.3936  84.2328  84.432 79.305 82.34 79.305 81.3742  83.2864
18 88.44 87.3256  90.1709  87.904 84.119 89.2019  84.119 86.9351  89.2225
20 89.712 93.7342  92.461 88.44 91.5412 949652 944291 91.0233  92.632
Table 5: Release Kinetics fit parameter of various kinetic models

Formulation Fl F2 F3 F4 F5 F6 F7 F8 F9
Zero order (R?) 0989 0982 0977 0955 098 0983 0983 0982 0.979
First Order (R?) 0972 0936 0935 0967 0937 0933 0933 0944 0936
Higuchi (R?) 0949 0926 0918 0951 0938 0925 0937 0.94 0.922
Kosmeyer Peppeas (n) 0.539 0931 0951 0719 0.816 0914 0.75 0.962  0.967
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Table 6: Various evaluation parameters of optimized formulation

Formulation Weight Hardness  Friability = Drug content Floating Lag Time Total Floating T 90%
Code (mg) (Kg/cm? (%) (mg) (sec) Time (hrs)

Optimized 295 4.16 0.72 48.82 39 sec 8.46 12 hrs.
formulation

Table 7: Stability study of optimized formulation

S. No. Parameter Initial 1 month 2 months 3 months

1 Weight variation 295 +3.18 296 +3.17 297 +2.83 298 +£1.52
2 Hardness 22+0.24 34+0.34 3.8+£0.12 34+0.14

3 Friability 0.81% + 0.063 0.63% + 0.034 0.45% +0.019 0.49+0.015
4 % Drug content 98.26 + 1.28 96.75 +2.18 97.62 +1.56 97.21+1.45
5 Floating Lag Time (sec) 39+02 37+02 38+ 02 38+ 01

6 Total Floating Time (hrs.) 8.46 £ 0.05 8.40+0.15 8.41 £0.05 8.02 £0.06

suggesting adequate mechanical strength. Friability
remained below the acceptable limit of 1% for all
formulations, with the lowest observed in F2 (0.15%) and
the highest in F1 (0.75%), confirming good tablet integrity.
Drug content varied slightly between 94.36% (F8) and
98.51% (F6), indicating uniform drug distribution. Floating
lag time (FLT), the time taken for tablets to begin floating,
ranged from 28.6 seconds (F7) to 61.25 seconds (F1), with
F7 showing the fastest onset of buoyancy. Total floating
time (TFT), a measure of tablet retention in the gastric
environment, was highest in F9 (10.45 hours) and lowest in
F2 (6.31 hours). Formulations F6, F7, and F9 demonstrated
both short floating lag times and prolonged floating
durations, making them the most promising candidates for
gastroretentive delivery.

In-vitro Dissolution studies

The results of cumulative % drug Release of all the
formulations are given in table 4.

The in-vitro drug release profiles of all nine formulations
F1-F9 (Figure 1) demonstrated a gradual and controlled
release of Metoprolol Tartrate over a 20-hour period.
Among all, F3 and F6 exhibited the highest cumulative
release (92.46% and 94.97%, respectively), while F1 and
F5 showed relatively lower release rates. At the 1-hour
mark, drug release ranged from 8.44% (F5, F7) to 14.32%
(F1), indicating initial burst release variations influenced by
polymer composition. By the 10-hour point, F3, F6, and F9
displayed advanced release rates (approx. 47—49%), while
F5 lagged slightly behind (43.27%). The optimized
formulation (F5) demonstrated a sustained and steady
release pattern, reaching 91.54% by the 20th hour, aligning
closely with other high-performing batches like F6
(94.97%) and F7 (94.43%). The overall trend showed that
increasing polymer content effectively controlled the
release rate, and the majority of formulations followed a
near-linear progression, suggesting consistency in diffusion
and swelling-based release mechanisms.

The in-vitro dissolution data of Metoprolol Succinate
floating formulations were analyzed using linear regression
to evaluate the goodness of fit for various kinetic models,
including  zero-order, first-order, Higuchi’s, and
Korsmeyer-Peppas. All formulations exhibited zero-order
and first-order kinetics with R? values ranging from 0.955
to 0.989 and 0.933 to 0.972, indicating consistent release
profiles. Higuchi plots showed linearity with R? values
between 0.918 and 0.951, suggesting diffusion-controlled

release. The release exponent (n) values ranged from 0.53
to 0.96, confirming a non-Fickian (anomalous) transport
mechanism. Korsmeyer-Peppas plots showed excellent
linearity. Additionally, polynomial equations for floating
lag time, total floating duration, and t90% were obtained via
backward stepwise regression analysis for formulations F1
to F9. Table 5 contains release Kinetics fit parameter of
various kinetic models.

Increased polymer concentration slowed drug release, with
no drug—polymer interaction, supporting sustained release.
The optimized formulation followed Higuchi’s model and
exhibited non-Fickian (Super Case II) diffusion. Various
types of evaluation parameters were performed for
optimized formulation shown in table 6. The final
formulation, suitable for once-daily dosing, is promising for
managing hypertension, angina, and other cardiac
conditions.

It was concluded from the study that swelling increased
with time as the polymer gradually absorbs water due to its
hydrophilicity. The hydrophilic polymer in the outermost
layer hydrates and swells to form a gel barrier. FLT was
found to increase with the increase in the concentration of
polymer and guar gum The Total floating was found to
increase with the increase in the concentration of polymer
and also due to hydrophilic nature of the polymer. In all the
formulations, good matrix integrity was observed. It was
observed that formulations containing high level of polymer
and RBW exhibited delayed drug release indicating better
matrix characteristics. It was observed that the release
profile fitted best to Higuchi equation with non-Fickian
diffusion mechanism of drug release which demonstrates
swelling-controlled drug release mechanism.

Stability Studies

After one month, the physical parameters exhibited small
but acceptable variations in drug release, drug content,
hardness, floating lag time (seconds), total floating time
(hours). The drug content was measured at 97.21 + 1.45%
after four weeks, which is slightly lower than the original
value, indicating high stability of the medication. All
results indicated that the formulation remained stable under
certain temperature and humidity conditions. The tablets
from the optimised formulation demonstrated stability, both
physically and chemically, for 3 months under accelerated
stability conditions (40°C and 75% RH). The
physicochemical properties, such as appearance, hardness,
friability, assay, and floating lag time, were mostly
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unchanged. The outcomes of the test and other assessment
criteria at regular intervals during stability investigations
are included in Table 7. The little rise in tablet hardness
seen in the second month of stability samples may be
attributed to their low moisture content.

CONCLUSION

The study successfully developed a gastroretentive floating
matrix tablet of Metoprolol Tartrate using HPMC K15M
and Guar Gum. The optimized formulation demonstrated
short floating lag time, prolonged gastric residence, and
sustained drug release. Drug release kinetics best fit the
Higuchi model with a non-Fickian diffusion mechanism,
indicating a combination of diffusion and swelling. Stability
studies confirmed the physical and chemical integrity of the
formulation under accelerated conditions. The final product
shows potential for once-daily administration and improved
patient adherence in the management of cardiovascular
conditions such as hypertension and angina.
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