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ABSTRACT

Timolol is a non-selective betal and beta2 adrenergic receptor blocker that lacks
considerable intrinsic sympathomimetic, direct myocardial depressive, or
membrane-stabilizing local anaesthetic effect. Timolol has a half-life of three to
four hours, and after an hour, its plasma concentration peaks. This study's primary
goal was to create and assess floating timolol microspheres utilising various
polymers in order to extend their stomach residence period. Ethyl cellulose and
hydroxy propyl methyl cellulose were among the many ratios of polymers used in
the solvent evaporation process to create the microspheres. K4M. Additional
evaluations of the floating microspheres included fourier transform infrared
spectroscopy (FTIR) (compatibility studies), in vitro drug release study, release
kinetics, drug content, swelling index, percentage yield, particle size, entrapment
MP. efficiency, floating capacity, and micromeritic properties such as bulk density,
tapped density, angle of repose, etc. Timolol was discovered to be a white,
crystalline powder with no smell. Timolol was discovered to have a melting point
of 202-203°C. The n-octanol:water partition coefficient value was 0. 980,
indicating that the medication is hydrophilic and somewhat lipophilic. The
reference spectra of I.P. 2010 were consistent with the peaks in the timolol infrared
spectrum. Timolol's standard curves were created by employing the UV absorption
technique at Amax 294 nm in pure water. It was discovered that the correlation
coefficients were 0.99465. All of the formulations had an average particle size
between 122.02+1.2 um and 147.70£1.23 pm. The produced floating microsphere
of timolol had a yield percentage that ranged from 66.75+0.92% to 97.75+0.84%.
According to this evaluation measure, F6 has a satisfactory production yield of
97.75+0.84. Formulations from F1-F6 had entrapment efficiencies ranging from
85.60+ 0.69% to 92.80+ 0.97%. SEM was used to examine the internal and external
morphology of the floating microsphere. The prepared microsphere had a hollow
interior and was spherical with a smooth surface. It was discovered that the
formulation F6 had the higher entrapment efficiency value. According to an in vitro
release research, as the percentage of NaHCO3 rose, the drug release rate increased
non-significantly (p>0.05). The generated floating microspheres of timolol were
found to be an appropriate and useful method for prolonged drug release over an
extended period of time, improving oral bioavailability, efficacy, and patient
compliance.
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INTRODUCTION

Because the pH varies in different parts of the
gastrointestinal tract, the gastric emptying time varies,
and it can be difficult to locate an oral delivery system in
a specific area of the gastrointestinal tract, developing
stomach-specific oral controlled-release drug delivery
systems is a difficult task. Oral route of administration is
the most practical and popular method of drug
administration. Since most medications are absorbed in
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the stomach or upper portion of the small intestine, rapid
gastrointestinal transit might hinder the absorption of the
entire drug in the absorption zone and decrease the
effectiveness of the prescribed dose.? Many forms of
oral controlled drug delivery systems with extended
gastric residence times have been reported to address the
aforementioned problems. These include other delayed
gastric emptying devices, floating drug dosage systems

(FDDS)®™  swelling or expanding  systems®®],
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[9,10] [11]

mucoadhesive system™ ™, modified-shape systems
and high-density systems. Since FDDS have a lower
density than gastric fluids, they float in the stomach fluid
for an extended amount of time without interfering with
gastric emptying."**¥ The medicine is gradually
released from the system at the desired rate while the
system is floating in the stomach juice.™™! Light
mineral oils, highly swellable hydrocolloids, and carbon
dioxide gas-forming agents (carbonate or bicarbonate
compounds)®*® are among the materials employed for
FDDS. There have also been other unit systems and
floating systems created using solvent evaporation
techniques*?**? products based on a multiple unit
system, which consists of numerous small units, have
been demonstrated to have advantages over single-unit
preparations, as matrix tablets.’?™! There is less individual
variance and a more constant, progressive stomach
emptying of multiple unit dosage forms.[??! By reducing
the impact of numerous factors in the gastrointestinal
environment, multiple unit dosage forms can also
disperse extensively over a sizable area in the stomach
and small intestine, resulting in a more consistent drug
release. There should be reduced chance of dosage
dumping because multiple unit dosage forms are made
up of numerous small units.?*!

Timolol is a non-selective betal and beta2 adrenergic
receptor blocker that lacks considerable intrinsic
sympathomimetic, direct myocardial depressive, or
membrane-stabilizing local anaesthetic effect. Timolol
has a half-life of three to four hours, and after an hour, its
plasma concentration peaks. to create timolol floating
microspheres with polymers such as hydroxypropyl
methyl cellulose and ethyl cellulose. Timolol, an
antihypertensive medication, is delivered under control
via K4M. Floating microspheres are a type of
multiarticulate delivery system that can be used to target
drugs to specific areas and improve bioavailability
through controlled or prolonged drug administration.?"
Additionally, microspheres can provide benefits such as
minimising site effects, lowering dosage frequency,
enhancing patient compliance, and limiting variation
within the therapeutic range.””

MATERIAL AND METHODS

Material

A gift sample of Timolol was sent by Hyderabad-based
Vasavaa Pharmaceuticals Pvt Ltd. We bought isopropyl
alcohol, ethanol, and dichloromethane from E. Merck
(India) Ltd. in Mumbai. We bought hydroxyl propyl
methyl cellulose, ethyl cellulose, and K4M from Loba
Chem. Pvt. Ltd. in Mumbai. Fresh double-distilled water
was made and used as needed. Every chemical employed
in this project was of analytical quality.

Preformulation Studies

Physical appearance

Timolol was discovered to be an odourless, white,
crystalline powder.
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Melting point

Using a melting point device, the melting point of
timolol was discovered to be between 202 and
203°C.Timolol was discovered to be an odourless, white,
crystalline powder.

Solubility

The maximum amount of a solute that may dissolve in a
given volume of solvent at a given temperature is known
as its solubility. A wrist action shaker (Yarco, New
Delhi) was used to shake the excess solute for 24 hours
after it had been suspended in 5 mL of each of the
several solvents at room temperature in firmly sealed test
tubes. Table 1 displays the solubility profiles of timolol
in different solvents.

Table 1: Solubility profile of Timolol

Solvent Solubility
Distilled water Freely soluble
PBS (7.4) Soluble
Chloroform freely soluble
Ethanol Freely soluble
n-Butanol Soluble

Partition coefficient

Ten milligrams of the medication were dissolved in ten
millilitres of each of n-octanol and water/PBS (pH 7.4)
in order to determine the drug's partition coefficient. For
twenty-four hours, the medication in the combination of
stages was shaken on a wrist action shaker. A separating
funnel was used to separate the two phases, and a UV
visible spectrophotometer was used to measure the
amount of medication in the aqueous phase following an
appropriate dilution. The difference between the starting
concentration and the concentration in the aqueous phase
was used to calculate the concentration in the organic
phase. This was utilised to apply the formula to
determine the drug's partition coefficient in two chosen
phases. Timolol's partition coefficient was supposed to
be 0.980.

Po/w = Coctanol /Cwater/PBS (pH 7.4)

FT-IR spectroscopy

FT-IR spectrum of timolol was obtained using FTIR
spectrophotometer (Shimadzu, Japan) and the obtained
peaks were interpreted and compared with standard
spectrum of drug. FT-IR of the sample was matched with
the FT-IR spectrum as reported in IP 2010.%%
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Figure 1: FT-IR Spectroscopy of Timolol in IP.
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Figure 2: FT-IR Spe

Preparation of standard curve

In a volumetric flask, 10 mg of precisely weighed
medication was dissolved in 100 ml of solvent to create a
stock solution of 100 pg/ml. The Cintra 10 UV Visible
Spectrophotometer was used to analyse the stock
solution at Amax 294 nm after aliquots of 0.5 ml, 1.0 ml,

ctroscopy of Timolol.

and so on up to 5 ml were placed into a series of 10 ml
volumetric flasks and the volume was increased to 10 ml
with solvent (5-50ug/m). Plotting the standard curve
between absorbance and concentration was done.
Timolol in water standard curve (Figure 3, 4) was
created.
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Figure 3: UV Spectrum of Timolol.
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Figure 4: Standard curve of timolol in distilled water.

Preparation of floating microspheres

Emulsion solvent diffusion was used to create floating
microspheres. A total of six floating microsphere
formulations were created. A 1:1 mixture of ethanol and
dichloromethane (DCM) was combined with varying
guantities of HPMC K4M and ethyl cellulose. The
resultant suspension was gradually added while stirring
to 250 millilitres of room temperature water that
included 0.01 millilitres of Tween 80. A mechanical
stirrer set to 300 rpm was used to constantly stir the

resulting emulsion for two hours. A constant temperature
of 40°C was maintained. Through solvent diffusion, the
drug's polymer solution's finely distributed droplets
solidified in an aqueous phase, filling the microspheres'
cavity with water. The resulting microspheres were
filtered and repeatedly cleaned with purified water.
Desiccators were used to retain the obtained floating
microspheres after they had been dried at room
temperature.””” Table 2 displayed the formulations'
components.

Table 2: Formulations of the Floating Microspheres of Timolol.

F1 1:0.5 10 0.5 100
F2 1:0.1 10 0.5 100
F3 1:1.5 10 0.5 100
F4 1:2.0 10 0.5 100
F5 1:2.5 10 0.5 100
F6 1:3.0 10 0.5 100

IPV- Internal phase volume (ml), EPV- External phase volume, DCM- Di-chloro methane, PVA- Polyvinyl

alcohol. S.D.£n=3

Figure 5 Images of Floating Microsphere.

Characterization of Floating Microsphere!?®2!

Particle size analysis

The optical microscope approach was used to analyse the
floating microsphere particle size in each sample. All of
the formulations had an average particle size between
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122.02+0.23um and 149.65+0.62um. Because of the
increased viscosity brought on by the ethyl cellulose, the
particle size increases and larger droplets form, creating
a larger floating microsphere.
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Table 3: Particle Size Analysis of Floating
Microsphere.
S. No. | Formulation Code | Particle Size(um)

1 F1 122.02 +0.23

2 F2 125.48 +0.42

3 F3 130.20+0.32

4 F4 139.41+0.40

5 F5 142.60+ 0.56

6 F6 149.65 +0.62
S.D.£n=3

Percentage Yield

Weighing the floating microsphere formulation after
drying allowed us to calculate its percentage yield. The
produced floating microsphere of timolol had a yield
percentage that ranged from 66.75£0.92% to
97.75+0.84%. According to this evaluation measure, F6
has a satisfactory production yield of 97.75+£0.84. The
yield of F1 is the lowest at 66.75+£0.92%. When
compared to microspheres that included more HPMC,
the microsphere containing ethyl cellulose showed a high
percentage yield.

Table 4: Percentage Yield of Floating Microsphere.

S. No.| Formulation Code| Percentage yield %(SD)
1 F1 66.75 £0.92
2 F2 71.11 £0.97
3 F3 70.30 £0.82
4 F4 82.88+0.48
5 F5 90.70 +0.50
6 F6 97.75 +0.48
S.D.xn=3
Bulk density

A 10 ml measuring cylinder was filled with a precisely
weighed 2 g quantity of powder. Without moving the
cylinder, the volume occupied by the powder was
measured, and the bulk density was computed using the
formula (values expressed in gm/cm3).

Bulk density = Weight of sample/ Bulk volume of the
sample

[ e gyt A=
WD = 105 Mag = 304
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Table 5: Bulk density of floating microsphere.

S. No. | Formulation Code| Bulk Density

1 F1 0.433+0.12
2 F2 0.472+0.04
& F3 0.908+0.23
4 F4 0.802+0.02
5 F5 0.775+0.14
6 F6 0.777+0.08

S.D.#n=3

Tapped density

A 10 ml measuring cylinder was filled with a precisely
weighed 2 g quantity of powder. One inch of height was
used to drop the cylinder 100 times at 2-second intervals
onto a hard hardwood platform. The following formula
was used to determine the tapped density once the final
volume was measured (values reported in gm/cm3).

Tapped density = Weight of sample/ Tapped

Table 6: Tapped density of floating microsphere.

S.NO. Formulation code Tapped density

1 F1 0.493+0.09
2 F2 0.527+0.11
3 F3 0.95 +0.17

4 F4 0.830+0.07
5 F5 0.837+00.01
6 F6 0.891+0.32

S.D.#n=3

Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) was used to
examine the microspheres' interior and exterior
morphologies. The microsphere powder was softly
sprinkled onto a double-sided adhesive tape that adhered
to a stub to create the samples for the SEM. After that, a
gold putter module in a high vacuum evaporator was
used to coat the stubs with platinum in an argon
atmosphere. After that, the samples were scanned at
random, and higher magnification photomicrographs
were taken to examine the surface morphology.

= S —
1 = B Mg s 451X Time 131882 w
j

Drug entrapment efficiency

Table 7 lists the timolol floating microsphere
formulations' entrapment efficiency. Formulations F1-F6
had entrapment efficiencies ranging from 67.30 £0.67%
to 91.80 +0.97%. It was discovered that the formulation
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Figure 6: SEM image of floating microsphere

F6 had the higher entrapment efficiency value. The
assessment of the prepared microsphere's entrapment
efficiency indicates that the values of entrapment
efficiency rise as the ethyl cellulose concentration does.
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Table 7: Entrapment efficiency of floating microsphere.
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S.NO. Formulation code Entrapment efficiency%o
1 Fi1 85.60 +0.69
2 F2 72.82 £0.37
8 F3 67.30 £0.67
4 F4 87.61 £0.76
5 F5 85.40 £0.82
6 F6 91.80 +£0.97

S.D.#n=3

In Vitro drug release of floating microsphere

Using a paddle-style six-station dissolving test device
(Copley, UK), the in vitro drug release rate from the
floating microspheres was confirmed. A precise quantity
of floating microspheres corresponding to 5, 10, and 20
mg of medication was maintained in 0.1 N HCI (1.2 pH),
and the dissolving fluid was kept at 37+0.5°C while
rotating at 50 rpm. During the in vitro drug release
investigation, sink condition predominated. A 0.45-um

membrane filter was used to filter a 2-ml sample at 5, 10,
15, 20, 30, 60, 120, 180, 240, 300, 360, 480, 600, 720,
and 1440 minutes. After every withdrawal, 2 mL of new
dissolving fluid was added to maintain the initial volume
of the fluid. To find out how much timolol was in the
medium, the samples were examined using a UV
Spectrophotometer set to 219 nm. Every experiment was
carried out three times.

Table 8: Cumulative percentage drug release for different batches of microsphereformulation.

. Cumulative percentage drug release
S.NO. Time(h) F1 F2 F3 F4 F5 F6
1 1 2.62+1.72 2.64+2.23 2.75%2.23 2.8+1.78 3.85+1.47 4.45+0.5
2 2 11.07+2.23 14.70+3.45 15.81+2.47 20.92+1.56 13.79+2.47 16.81+2.56
3 3 14.15+0.42 27.76+4.23 26.80+1.56 24.31+2.52 20.15+1.45 21.50+1.85
4 4 27.39+1.75 31.85+2.55 27.52+2.56 27.74+2.44 27.85+1.76 23.49+1.74
5 5 30.05+2.45 35.05+1.72 29.72+2.89 30.10+2.46 27.76+0.45 30.42+1.96
6 8 30.83+3.45 40.86+1.75 30.58+1.84 35.47+1.47 39.50+0.75 46.02+2.78
7 24 38.30+2.27 40.01+1.65 42.12+0.56 45.18+1.62 45.40+1.69 52.70+2.63
8 48 41.62+1.74 52.56+2.29 49.02+1.74 49.4242 .47 50.32+2.86 58.75+1.45
S.D.#n=3
70
‘ —— F1
60 +— -
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Figure 7: Cumulative Drug Release of Floating Microsphere.

In vitro floating time

To investigate the flotation behaviour of microspheres in
the produced formulations, an in vitro floating
microsphere was established. First, 50g of microspheres
were dispersed in 100 ml of 0.1 N HCI (pH 1.2). A
magnetic stirrer was then used to agitate the mixture at
100 rpm. The layer of buoyant microparticles was
collected using a pipette and separated by filtering after
eight hours. Filtration was used to separate the
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particulate sinking layer particles. Both kinds of particles
were dried in a desiccator until their weight remained
constant. The following formula was used to get the
buoyancy percentage.

Floating time = Weight of floating microsphere/ Total
weight of floating and settled microsphere x 100
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All formulations were able to float over the dissolution
medium (0.1 N HCI, pH 1.2) for 24 hours, according to
the floating time % that was computed for each
formulation. As indicated in Table 3, it was discovered
that the buoyancy percentage of the microspheres
decreased as the concentration of sodium alginate,
denoted by F1-F3, increased. This results from the
higher viscosity of the polymer solution, which also
causes more dense microspheres and less pore and cavity
formation during preparation.

Table 9: Floating time

S. No. | Formulation Code | Floating Time

1 F1 75.20£0.21
2 F2 70.10+0.53
3 F3 68.89+0.44
4 F4 92.41+0.21
5 F5 70.17+0.37
6 F6 76.12+0.27

S.D.£n=3

CONCLUSION

Timolol can be effectively made into floating
microspheres from HPMC and EC for the delivery of
gastroprotective medications. F6 may be regarded as a
promising formulation based on drug release, percentage
yield, drug entrapment, percentage buoyancy, and
floating lag time. The produced floating microspheres
could therefore be viable options for multiple-unit
delivery systems that can be tailored to any intragastric
situation.
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