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absorption window, yet avoid stomach retention. By lingering in the stomach longer, controlled

release gastroretentive dose forms reduce pharmaceutical waste and improve absorption. Patient

compliance, reduced plasma level volatility, lower dose intake, and less drug accumulation with local
and systemic side effects are other benefits. The floating drug delivery system (FDDS) is the most
practical swelling and expanding, polymeric bioadhesive, high-density, and modified-shape method.
The study created and tested floating Tolbutamide microspheres to prolong medication release.

Tolbutamide,

bioavailability, oral Meglitinide class oral anti-diabetic RG has a half-life of 1 hour and 56% bioavailability, therefore it is

controlled release delivery quickly removed from blood circulation and requires repeated doses. Solvent diffusion-evaporation

systems has developed floating microspheres of ethylcellulose (EC) alone and in combination with HPMC of
grades 5, 100, and 4000 cps to overcome these disadvantages.

Organoleptic characteristics, melting point, drug and polymer solubility, partition coefficient, UV, and
IR investigations were evaluated in preformulation. FTIR and physical inspection assessed drug-
polymer compatibility. Physical property changes and medication absorption band movements were
minor, eliminating out interaction. Tolbutamide -loaded microspheres (E1-E9) of EC: HPMC (5, 100,
and 4000 cps) were synthesised employing polymer ratio, drug concentration, emulsifier
concentration, and stirring speed. The formulations were examined for SEM, FTIR, in-vitro buoyancy,
yield, entrapment efficiency, and drug release. Optimised formulation release data from all four
batches was fitted to mathematical models to establish release mechanism.
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1. INTRODUCTION

In order to boost efficacy, eliminate adverse effects, and increase
bioavailability, oral controlled release delivery systems were created. Oral
drug administration is the safest, simplest, and most acceptable due to its
cost-effectiveness, convenience of administration, and patient
compatibility. Advancements in CRDDS technology can overcome the

disadvantages of conventional dose forms'. These new methods

revolutionise drugs and offer therapeutic benefits.
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Short-half-life and GIT-absorbed drugs quickly leave the bloodstream and
require repeated dose. Oral CRDDS formulation is emphasised to solve
such difficulties?>. CR formulations limit drug release into the GIT and
preserve serum therapeutic concentrations longer. This research aims to
develop and test a drug delivery system that reduces dosing frequency,
improves absorption, reduces side effects, increases systemic
bioavailability, and maintains a constant therapeutic plasma level.

Tolbutamide floating microspheres will be developed and tested to
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improve GRT utilising ethylcellulose and hydroxypropyl methylcellulose

as polymers?.

Short-lived, easily absorbed GIT drugs are often removed from blood
circulation. This can be solved by developing a controlled release dosage
form that gradually distributes the medication into GIT and maintains
drug concentration. CRDD enhances drug bioavailability and
predictability. Oral CRDDS reduces stomach retention and unexpected
gastric emptying. Formulation evacuation from the stomach is
unpredictable, thus dose forms that increase and control emptying stay in
the stomach longer.

Tolbutamide is a first-generation potassium channel  blocker,
sulfonylurea oralhypoglycemic medication. This drug may be used in the
management of type 2 diabetes if dietalone is not effective. Tolbutamide
stimulates the secretion of insulin by the pancreas*>.

It is not routinely used due to a higher incidence of adverse effects
compared to newer, second-generation sulfonylureas, such as
Glibenclamide. It generally has a short duration of action due to its rapid

metabolism, so is safe for use in older people.
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Figure no. 1 Structure of Tolbutamide

In NIDDM patients, sulfonylureas directly stimulate the acute release of
insulin from functional beta cells of pancreatic islet tissue via an unknown
method linked to receptor 1 on the beta cell. Like glucose, sulfonylureas
inhibit beta cell membrane ATP-potassium channels and potassium efflux,
causing depolarization, calcium inflow, calcium-calmodulin binding,
kinase activation, and exocytosis of insulin-containing granules.

This research aims to develop and test a drug delivery system that
reduces dosing frequency, improves absorption, reduces side effects,
increases systemic bioavailability, and maintains a constant therapeutic
plasma level. Tolbutamide floating microspheres will be developed
and testedto improve GRT utilising ethylcellulose and hydroxypropyl

methylcellulose as polymers®.

2.MATERIALS AND METHOD

Chemicals

S.No | Chemical Brand names

1 Tolbutamide Torrent Pharmaceuticals,
Ahmadabad, India.

2 Ethylcellulose Himedia Chemicals, India

3 Hydroxypropyl Himedia Chemicals, India.

methyl cellulose

4 Polyvinyl SD fine chemicals Mumbai, India.
alcohol (PVA)
5 Ethanol SD fine chemicals Mumbai, India.
6 Dichloromethane SD fine chemicals Mumbai, India.
7 Distilled water Prepared in  laboratory
assembly
8 Polyethylene Sunchem, India
glycol

Table no.2 List of Chemical used in present research work

Tolbutamide appears as a white, crystalline, odourless powder. EC is
odourless white powder. White,odourless HPMC powder came in several
grades. Tolbutamide melts at 128-131°C.Basically insoluble, very slightly
soluble, sparingly soluble, soluble, freely soluble, highly soluble.
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Figure no. 2 FTIR Spectra of Tolbutamide

A Shimadzu-1700 UV-Visible Spectrophotometer with 2 nm spectral
bandwidth, +0.5nm wavelength precision, and matched quartz cells of
1.00 cm were utilised for analytical measurements.To prepare a 1000
pg/ml stock solution, 10 mg of Tolbutamide was dissolved in 10 ml of
0.1 N HCL. Dilute Iml of the solution with 9 ml solvent to create 100
pg/ml sub-stock’.

Calibration curve preparation

Aliquots of the sub-stock solution were diluted with 0.1 N HCI up to 10
ml in volumetric flasks, yielding solutions with concentrations from 2-20
pg/ml. maximum 247nm by spectrophotometer with blank 0.1 N HCL.
The above method was done three times. Standard curve between
absorbance and concentration is presented in Fig. . Regression slope,

intercept, and coefficient were calculated.

3. RESULT AND DISCUSSION

The discovered approach followed Beer's rule at 2-20 concentrations. The
procedure was considered reproducible due to low RSD values (<0.44).
Interference research results show no excipients employed in estimation.
Over 97.40% recovery occurred. Thus, the suggested approach for
Tolbutamide estimation in in-vitro dissolution tests and other goods

proved suitable.

Tolbutamide-Loaded EC Floating Microsphere Preparation
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A slightly modified solvent diffusion-evaporation approach produced
floating microspheres . EC and 0.1% PEG (surfactant) were dissolved in
1:1 ethanol- dichloromethane at room temperature. This polymeric
solution contained drug. The slurry was progressively added to 80 cc of
polyvinyl alcohol emulsifier (0.46 % w/v) water. The organic solvent was
evaporated by propeller agitation for 1 hour. The microspheres were
washed 3-4 times with distilled water, dried at room temperature for

1 hour, and stored in fused calcium

S.No.[Vol. of Stock [Vol. of [Conc. IAbsorbance* [RSD
Sol. IDiluents (ml) (ng/ml) at |(%)
(ng/ml) 247nm

1 0.2 9.8 2 0.028+0.014  (0.32

2 0.4 9.6 H 0.058+0.005  (0.28

3 0.6 9.4 6 .090+0.007 {0.21

4 0.8 9.2 3 0.122+0.011  [0.11

5 1.0 9.0 10 .156+0.006 [0.14

6 1.2 8.8 12 .190+0.008  |0.35

7 1.4 8.6 14 0.222+0.013  (0.24

3 1.6 8.4 16 .258+0.004  [0.10

9 1.8 8.2 18 .29240.009  0.27

10 2.0 8.0 20 0.329+0.015  (0.44

Table no.3 Results of interference studies

Batch |Amount of|Concentration of  [Stirring IAmount of
Code [EC (mg) |emulsifying Rate (rpm) drug (mg)
agent
o)

E1 10 0.46 900 10

[E2 20 46 900 10

E3 30 46 900 10

[E4 20 0.46 600 10

[ES 20 0.46 1200 10

IE6 20 0.66 900 10

[E7 20 0.86 900 10

E8 20 0.46 900 20

[E9 20 0.46 900 30

Table no.4 Formulation code and composition of EC microspheres

In vitro buoyancy

50 mg of formulation was swirled at 100 rpm with a magnetic stirrer in
100 ml of SGF (pH 1.2) containing Tween 20 (0.02 w/v %) to assess in-
vitro buoyancy. After 12 hours of filtration, floating microspheres were
isolated from settled ones. The particles were dried and weighed
individually. Microsphere buoyancy was calculated using the formula
below”.

Buoyancy (%) = W/ (Wf+ WS) X 100 (10).

IBatch Buoyancy (%) Drug Entrapment (%) IYield (%)
code

E1 81.31+1.1 63.28+2.4 68.54+4.6
[E2 30.41+2.4 68.03+2.2 76.15+2.5
IE3 78.67+2.2 72.32+4.1 79.81£3.6
[E4 84.31+3.2 65.47+2.2 72.4242.3
E5 71.81+2.4 60.21£5.1 68.47+5.4
IE6 77.12+3.3 62.45+1.5 74.12+2.3
IE7 76.53+1.1 58.63+1.7 72.46+1.2
IE8 76.24+3.2 71.47+2.2 76.94+3.2
IE9 73.48+4.0 73.16+3.3 78.43+2.5

All values are represented as mean=SD (n=3)
Table no.5 Percent buoyancy, entrapment efficiency and yield of EC

microspheres

In vitro drug release

Drug release from formulation was measured using a six-station paddle
dissolving instrument (Veego, VDA-6DR, USP Std). Floating
microspheres containing 16 mg of medication were preserved in 0.I1N
HCI with 0.02 w/v Tween 20. Temperature was kept at 37+0.5° C with
100 rpm rotation. Washbasin condition was maintained during study. A 1
ml sample was taken after 30 minutes, filtered over a 5pum membrane, and
monitored at 247nm for spectrophotometry. Standard calibration curve

used to calculate cumulative drug release.

SEM study

These SEM photos reveal that the microparticles were distinct, excellent
spheres with smooth, dense surfaces. Microspheres have pores and inter-
granular gaps. The torn surface shows microspheres' hollow interiors,

which allow them float on GIT fluid .
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Figure no. 3 Spherical shaped EC microsphere and B) Ruptured

surfaceshowing hollow nature of microspheres.

Drug-loaded EC microsphere FTIR spectra show distinctive peaks not
seen in placebo microsphere spectra. Drug and Tolbutamide-loaded
microsphere characteristic peaks. The results reveal that neither

ethylcellulose nor formulation impact medication stability!°.

www.frontierjournals.org 5
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Figure no. 4 FTIR spectrum of (a) Tolbutamide, (b) Placebo
EC microspheres and (c)Drug loaded microspheres.

7 :E
5 ] —-—1
——E
6 | -2
—
0 - E
, 3
n
1 2 3 4 5 6 7 8

Figure no. 5 Percent cumulative drug release of EC microspheres

EC prep: HPMC microspheres

Solvent-diffusion evaporation with EC and HPMC (5, 100, and 4000
cps) produced microspheres. Formulations with different HPMC

concentrations and fixed EC ratios showed the effect of increasing

Polymer concentration on parameters. Pouring polymer and drug
solution in ethanol and dichloromethane into PV A-containing water
solution generated microspheres. Polymer precipitates around
dichloromethane droplets due to fast ethanol dispersion into external
aqueous phase. Dichloromethane evaporates, creating voids in
floating microspheres. Thus, smooth, spherical microspheres that

float above stomach fluid were created.

SEM

SEM images of optimised microspheres made from HPMC (5, 100,
and 4000 cps). Unique, spherical microspheres with porous skin and
smooth surfaces were created. Microspheres have small cavities on
their surfaces due to solvent evaporation during drying and inter-
granular gaps. Their hollow structure helps them float.
Microspheres' flat surfaces show drug and polymer uniformity.
Microspheres have dense, smooth exterior surfaces with discrete

pores.

FTIR evaluation

Tolbutamide's peaks at 3308, 2947, 1685, and 1637cm-1 imply -NH, -CH,
C=0 stretching, and — NH bending vibrations. Drug-containing
microspheres showed Tolbutamide's -CH and —C=O0 stretching vibrations
at 2994 and 1645 cm-1. Thus, drug microsphere formulation did not

change chemically!!.

4. CONCLUSION

The 12-hour buoyancy study found values of 73.4-87.3, 70.6-84.2,
and 63.1-76.2 % for microspheres made with HPMC 5, 100, and
4000 cps. During formulation, polymer concentration and ratio
affect microsphere floating.The system descends as viscosity raises
particle density and weight'2. Increased stirring speed leads to
reduced microsphere buoyancy due to smaller size creation.
Increased drug concentration from 10 to 30 mg decreases
buoyancy from 84.1 to 73.4,80.2 to 70.6, and 73.1 to 63.1% for
microspheres made from 5, 100, and 4000 cps HPMC due to
reduced hydration. As an emulsifier, PVA reduces buoyancy
marginally. Tightening of polymeric network may shrink
microspheres!?.

All batches' entrapment efficiency ranged from 60.1-74.6, 62.3-75.5,
and 61.1-70.1% for three formulations. Increased internal polymer
concentration increases medication loading. Increased internal phase
viscosity reduces drug migration in aqueous phase.

Drug release from microspheres was estimated in 12-hour simulated
stomach fluid. Non-burst release indicated homogeneous drug
distribution, possibly due to lower drug solubility in the medium.
From 1-3% polymer concentration, drug release reduces by 84.8-
78.4%, 75.2-70.2%, and 71.2-64.4 % for 5, 100, and 4000 cps
grades HPMC. Since drug release depends on drug proximity to the
surface, polymer concentration decreases uncoated drug'®. Small
hollow spheres made at low polymer concentration release drugs
quickly by providing a high surface area to dissolution liquid.
Higher-shear microspheres release drugs faster. From formulations
made with 5, 100, and 4000 cps grade HPMC, drug release
increases from 80.5 to 86.4, 70.8 to 77.4, and 64.3 to 72.4% when
rotation speed increases from 600 to 1200 rpm. Increased stirring
rate reduces particle size, exposing more surface area in dissolving

medium for drug release.

Increased emulsifier concentration does not alter medication release.
As the emulsifier content increased from 0.46 to 0.86 %, drug
release increased somewhat, possibly due to smaller microspheres.

No significant effect of medication concentration on release profile.
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