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ABSTRACT

The formulation of atenolol-loaded microballoons involved the use of Eudragit RS 100, HPMC K4 M
as a polymer, and span 80 as a surfactant. The microballoons were prepared by an emulsion solvent
diffusion (non-aqueous) using liquid paraffin, methanol, and dichloromethane as a processing medium.
The Box-Behnken design was utilized to get optimized formulation using a concentration of HPMC K4 M
(A), Concentration of Eudragit RS 100 (B), Concentration of surfactant (C), and stirring speed (D) as an
independent parameter while, Particle size (Y1), entrapment efficiency (Y2) and %buoyancy (Y3) using
as a dependent parameter. For the optimised formulation, the mean particle size was 85.878 + 1.063
um, entrapment efficiency was 92.26 + 1.65%, and buoyancy was 89.19 + 1.48% found. An image of the
formulation taken using a scanning electron microscope (SEM) reveals discrete particles with a smooth
surface texture, a hollow interior, a spherical shape, and a particle size of less than 200 pm. The FTIR
study confirms there was no interaction between the drug and excipients. The in-vitro drug release study
found that atenolol-loaded microballoons released the drug for up to 12 hours as compared to the pure
drug. This was due to increasing the gastric residence time and absorption area in the stomach. The drug
release kinetic study reveals that it follows the Higuchi model and the drug release mechanism was type
II transport which was obtained from the Korsmeyer Peppas model. The stability study shows that there
is no significant change in the optimized microballoons for 30 days as per ICH guidelines.

based on many decades of research. Gastro retentive
drugdelivery system (GRDDS) is an orally controlled drug
release system and a novel approach. GRDDS works by
increasing the retention time of a drug for a longer period
in the stomach. 23]

Microballoons are a type of floating drug delivery
system (FDDS) that is a part of the GRDDS. A non-
effervescent approach prepares microballoons. In a
general sense, microballoons are strictly spherical-shaped
particles with a hollow core. They are characteristically

INTRODUCTION

In the medical field, more than 60% of the drugs are
orally!!l administered while having the most beneficial
route for application of offer drugs in a solid form
like a tablet, capsule, or powder and also for liquid
products like suspension, emulsion, etc. for therapeutic
as well as local action. Because the oral route provides
ease of administration, different dose of the drugs
can be administered and also provides high patient

compatibility. Drugs that are easily absorbed from the GI
tract and have a shorter half-life are eliminated quickly
from systemic circulation. Frequent dosing of these drugs
is thus required to achieve suitable therapeutic activity.
So to avoid these limitations, modified oral sustained
controlled-release formulations have been developed
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free-flowing powders composed of proteins or synthetic
polymers with a size <200 um. Microballoons are
considered one of the most favourable and unique buoyant
systems in the multiple-unit system because the floating
property of the microballoons is due to the hollow core or
hollow space inside the matrix system.[*>]
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After the administration of the microballoons, they come
in contact with the GI fluid. The air trapped by the swollen
polymer lowers the density and confers buoyancy to the
microballoons. The colloidal gel barrier controls the rate
of fluid penetration into the matrix system and is also
responsible for drugrelease. As the exterior surface of the
dosage form dissolves, the gel layer is maintained by the
hydration of the adjacent hydrocolloid layer. However, to
obtain the buoyancy of the dosage form minimum quantity
of the gastric content or gastric fluid is necessary.[%”]
The drug release and better-floating properties mainly
depend upon the type of polymer, plasticizer, and solvents
employed for the formulation. For example, natural
polymers like guar gum, chitosan, xanthan gum, gellan
gum, sodium alginate, etc., and also semi-synthetic or
synthetic polymers like HPMC (Methocel), Eudragit
(Polymeric methacrylate), ethyl cellulose, etc. Here HPMC
K4M acts as abuoyancy enhancer and Eudragit RS 100 acts
as amatrix system because various grades of Eudragitlike
Eudragit RL, RS, NE 30D, NE 40D, and NM30D are used
to form water-insoluble film coats for sustained release
products and when they are mixed with any other polymer,
the rate of permeability can be changed/controlled which
can directly affect the rate of drug release from the
complex matrix system. 8]

Risk factors for causing hypertension are family
history, age, high salt intake, low potassium intake,
obesity, smoking, excess alcohol consumption, stress,
etc.1% Atenolol is an anti-hypertensive drug used for the
treatment of hypertension. It belongs to the BCS class III
which has high solubility and low permeability. The protein
binding of atenolol is around 6 to 16% with a half-life of
about 6 to 7 hours. The conventional dose of atenolol is
50 and 100 mg.[*!

The main aim of this research work is to develop
atenolol-loaded microballoons for the treatment of
hypertension by increasing the gastric residence time of
atenolol in the stomach. The 50% of the bioavailability of
the drugis due to less drug available for therapeutic action
in the body due to poor absorption and high excretion rate
of atenolol through the renal route.l*? From the various
research work related to microballoons, it was concluded
that they can improve the gastric residence time (GRT)
in the stomach by providing the floating property which
enables the microballoons to float over the gastric content
for a longer period while continuously releasing the drug
in a controlled manner for alonger period without causing
any irritation in the stomach. They improve the drug
stability from various environmental factors like light,
heat, and moisture, can reduce the frequency of dosing,
and improves patient compliance.!*3] By formulating the
microballoons we can solve both major problems of less
gastricresidence time and less absorption of the drug from
the stomach so that we may be able to improve the BA of
the drug by ensuring the optimum therapeutic effects
while improving patient compliance. 14
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MATERIALS AND METHODS

Materials

Atenolol was obtained as a gift sample from Cadila
Pharmaceuticals, Ahmedabad, India. Synthetic and
semi-synthetic polymers like Ethylcellulose, HPMC K4
M, Eudragit RS 100, and Eudragit L 100 were obtained
from ChemDyes Corporation. Natural polymers like
Xanthan gum from ChemDyes Corporation, guar gum from
Oxford Laboratory Reagent, and chitosan from AnaChem
Laboratories were obtained. Solvents like chloroform,
dichloromethane (DCM), acetone, and acetonitrile were
obtained from ChemDyes Corporation and also methanol
was obtained from the RANKEM laboratory agent.
Surfactants like Span 80 and Tween 80 from ChemDyes
Corporation. Liquid paraffin as a processing medium was
obtained from ChemDyes Corporation.

Methods

Solubility of Drug in Different Solvents

Solubility of the drug in different solvents was done by
the qualitative method. The excess amount of the drug
was dissolved in 10 mL of the solvent. The solvents were
sonicated for 10 minutes. The mixtures were shaken for
48 hours in an orbital shaker. The saturated solution was
centrifuged at 6000 rpm for 10 minutes. The supernatant
was collected, dissolved 1-mL of supernatant in 10 mL
methanol and analyzed by UV-visible spectrophotometry
at 226 nm. 14151

Selection of Excipient by Solubility Method

Solubility of various polymers in different solvents was
also done by the quantitative method. The solubility
determination of various polymers in various solvents was
performed by adding various polymers in increments of
1-mg until they failed to dissolve further in the fixed 10 mL
solvent. The amount of the polymers soluble or insoluble
in solvents was determined.[*!

Compatibility of Drug and Excipients by FTIR

The compatibility of the drug and excipients can be done
by fourier-transformed infrared spectroscopy (FTIR).
In this method, the KBr pellet is grounded in a powder
and mixed with the sample by using the KBr pellet press
and the spectrum was taken using FTIR. FTIR spectrum
of atenolol was compared with the spectrum mixture of
HPMC K4M + Eudragit RS 100 + span 80 + atenolol. The
disappearance of the atenolol peak or shifting of any peak
of the spectra was studied.!'®!7]

Formulation and Development

Method of preparation of atenolol loaded microballoons
by non-aqueous emulsion solvent diffusion method.[*&1°]
In this method, all the polymers and drugs are accurately
weighed and added in a solvent mixture of methanol and
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Table 1: Optimization factors with different levels

Factors Levels

Independent Variables Low (%) (-1) Medium (%) (0) High (%) (+1)
(A) Concentration of HPMC K4 M (mg) 100 300 500

(B) Concentration of Eudragit RS 100 (mg) 100 300 500

(C) Concentration of surfactant (%) 0.5 0.75 1.0

(D) Stirring speed (rpm) 500 600 700
Dependent variables Response

Y1 Particle size (um)

Y2 %Entrapment Efficiency

Y3 %Buoyancy

dichloromethane in the ratio of 1:1 to prepare a drug
+ polymer + solvent containing organic phase. Liquid
paraffin was taken in a different beaker with a different
concentration of Span 80 as a surfactant for the preparation
of the oily phase. The oil phase was placed under constant
stirring on a mechanical stirrer at different rpm speeds
and maintained 40°C temperature after the constant
temperature the organic phase was added drop by drop.
The stirring was continued for 4 hours while continuously
maintaining the 40°C temperature of the oily phase. The
organic solvents will evaporate during this process and
the formation of microballoons takes place. To obtain the
microballoons, microballoons were separated from the
liquid paraffin, washed with petroleum ether, and dried
at room temperature.

Optimization of the Formulation Parameters!?’!

The Box- Behnken design was used to obtain an optimized
formulation using a minimum number of trial runs. Start-
Ease Design Expert V10.0.0 was used for formulation
optimization. A complete Box-Behnken design was utilized
to study the effects of the independent variable on the
dependent variables in the formulation of microballoons.
The independent variables and dependent variables for
design was shown in Table 1.

Interaction between the Factors

Analysis of variance (ANOVA) was used to statistically
evaluate all of the collected data using DoE software.
The effect of several independent factors on particle
size, %EE, and %buoyancy were revealed by the ANOVA
(p-value) results. A comprehensive polynomial model was
developed after regression analysis of all formulations. The
effects of independent factors on dependent variables are
represented by this equation.

Preparation of Optimised Formulation based on the
Desirability Function

Optimization was carried out to ascertain the level of
independent variables (A, B, C, and D) that would provide
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data for Y1, Y2, and Y3. At the time of developing the
formulation, the response has been united to design the
product of the required attribute. The main function of
the desirability was to join every response in a single
experiment and provide the probability of perfecting the
highestlevel for independent variables. The last optimized
formulation suggested by the software was prepared
and parameters were compared to the value given by the
software.

Evaluation of Atenolol Loaded Optimised
Microballoons [13:21-23]

Particle Size

The particle size of the microballoons was measured with
a digital microscope equipped with a camera, and the
mean microballoons size was determined by measuring
100 particles with a digital microscope.

Percentage Yield (%)

The percentage yield of floating microballoons was
determined by dividing the product’s actual weight by
the total value of all non-volatile components used in the
preparation of floating microballoons, as represented by
the following formula:

. Actual weight of product
% Yield =

Total weight of drug and excipients !

Drug Entrapment Efficiency (%)

Microballoons, equivalent to 10 mg drug, crushed in a glass
mortar. Volume was then made up to 10 mL with methanol
in a volumetric flask. The solution was dissolved and
filtered; the absorbance was noted at 226 nm. The amount
of drug entrapped in the microballoons was calculated
using the following formula:

Calculated Drug Concentraion

Entrapment Efficiency = * 100
p y Theoritical Drug Concentration

Concentration%
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In-vitro Buoyancy (%)

Microballoons (100 mg) were dispersed in USP dissolution
apparatus containing simulated gastric fluid (SGF 900 mL,
pH 1.2, 37°C) or 0.1 N HCL. It was stirred with a paddle
at 100 rpm at 37 + 0.5°C. After a predetermined time,
the layer of floating particles was separated from the
settled particle. Both fractions of particles were dried in
vacuum desiccators. Both the fractions of microballoons
were weighed and buoyancy was determined by using
the formula:

B %) weight of the Floating Microballoons 100
e *
HORARETLY Initial weight of the Microballoons:

In-vitro Drug Release Study (%)

The USP dissolution test apparatus II (paddle type) with
the whole assembly was used to conduct an in-vitro drug
release study. In this study microballoons containing
the drug dose are applied to 900 mL of 0.1 N HCL as a
dissolution medium, with stirring of 100 rpm at 37 + 0.5°C.
Samples are collected at regular intervals and analyzed at
224 nm using any appropriate analytical process, such as
UV spectroscopy.

Pharmacokinetic Drug Release Modelling!?*

Various models were developed by using the in-vitro drug
release data and some of them are:

e Zero Order Model

From the in-vitro drug release studies, the graph was
plotted as the cumulative amount of drug released versus
time.
Qt=K,.t
Where, Qt = percentage of drug released at time t and
K, = release rate constant

e First Order Model
The data obtained are plotted as a cumulative log
percentage of drug remaining versus time, yielding a
straight line with a slope of -K/2.303.
Ln (100-Qt) =1ln 100 - K, t
Here, K; = first order release rate constant.

e Higuchi’s Model
The data obtained were plotted as cumulative percentage
drug release versus square root of time.
Qt=Ky. 1/2
Where Ky; = Higuchi release rate constant.

e Hixson-Crowell Model

To study the release kinetics, data obtained from in-vitro
drugrelease studies were plotted as the cube root of drug
percentage remaining in the matrix versus time.
W0 1/3 -W11/3 =Kyt
Where K= Hixson-Crowell rate constant.

e Korsmeyer Peppas Model

Korsmeyer et al. (1983) derived a simple relationship that
described drugrelease from a polymeric system equation
Qt/Qoo = KKp.tn

Where, Qt/Qoo = fraction of drug released at time t,
KK, = Korsmeyer-Peppas rate constant compromising
the structural and geometric characteristics of the device,
n =release exponent, which is indicative of the mechanism
of drug release. Log the cumulative %drug release in
matrix versus time for this model graph plotted. Various
exponent values and their drug transport mechanism
with their release rate as a function of time are explained
in Table 2.

Characterization of Optimise Microballoons [17-18)

[25-27]

FTIR Study of Microballoons

It is necessary to identify the interaction that may occur
during the manufacturing process of the microballoons.
The IR spectrum of formulated microballoons was
measured by FT-IR spectrometer. In this process, a sample
of microballoons was mixed with KBr, compressed to form
athin pellet, and then used for testing. The recording range
for the measurement was 4000 to 400 cm™.

Scanning Electron Microscopy (SEM)

The external morphology of the microballoons is examined
using a SEM. The SEM samples were produced by gently
sprinkling microballoons powder on a double adhesive
tape applied to a stub. The stubs were then coated with
platinum in an argon atmosphere using a gold sputter
module in a high vacuum evaporator. The samples were
then randomly scanned, and photomicrographs with
higher magnification were taken for surface morphology.

Stability Study

The optimised formulation was sealed in aluminium
packaging that was polyethylene-coated on the inside.
For three months, the samples were kept in a stability
chamber (Frontline electronic and machinery Pvt. Ltd)

Table 2: Interpretation of diffusional release mechanism from polymeric film

Release exponent (n)
0.5 Fickian diffusion
0.45<n=0.89
0.89 Case Il transport

Higher than 0.89

118 Int. J. Pharm. Sci. Drug Res., March-April, 2023,

Drug transport mechanism

Non-Fickian transport

Super case II transport

Rate as a function of time
t-0.5

tn-1

Zero Order release

tn-1
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Table 3: Composition and optimization of microballoon formulation

Independent Variables

Dependent variables

Batch No:  Drug (mg) Concentration Concentra{rion Surfactant. Stirring Particle size Enl:“rcllpment In-vitro
OfHPMC K4m  Of Eudragit RS  Concentration Speed (rpm) (um) (Y1) Efficiency (%) Buoyancy (%)
(mg) (4) 100 (mg) (B) (%) (O (D) (Y2) (Y3)

MB 1 100 100 100 0.75 600 65.71+0.74 49.87+190 71.86+1.33
MB 2 100 500 100 0.75 600 47.71+1.12 7836+154 87.73+0.89
MB 3 100 100 500 0.75 600 7277 +1.71 6896170 60.69 +1.06
MB 4 100 500 500 0.75 600 7244 +130 6541+1.02 77.82x1.01
MB 5 100 300 300 0.5 500 82.48+1.64 7045+143 81.83x0.61
MB 6 100 300 300 1 500 80.82+2.29 65.27+1.08 69.82+0.80
MB 7 100 300 300 0.5 700 56.81+2.59 78.62+2.05 85.01+0.94
MB 8 100 300 300 1 700 79.59+1.32 83.74+1.41 64.96+1.53
MB9 100 100 300 0.75 500 78.84 +2.01 73.79+2.04 79.34%0.72
MB 10 100 500 300 0.75 500 82.44+2.05 7112+2.02 80.22+0.32
MB 11 100 100 300 0.75 700 57.74+1.80 69.18+0.79 73.11%0.60
MB 12 100 500 300 0.75 700 59.76 £1.40 84.29+1.66 76.96*1.38
MB 13 100 300 100 0.5 600 61.28+195 7241+0.75 92.56+1.16
MB 14 100 300 500 0.5 600 79.28+0.83 87.05+1.60 85.23+0.48
MB 15 100 300 100 1 600 64.31+2.07 7524+1.75 6521+0.99
MB 16 100 300 500 1 600 7547 £0.67 85.9 £1.82 62.59 £ 0.80
MB 17 100 100 300 0.5 600 7296 +1.64 60.46+0.83 86.01+0.70
MB 18 100 500 300 0.5 600 77.54+096 86.09+0.98 86.23 +1.35
MB 19 100 100 300 1 600 71.12+0.83 79.45+1.20 6896+1.17
MB 20 100 500 300 1 600 71.55+1.59 68.42+1.23 71.08+0.71
MB 21 100 300 100 0.75 500 73.16+091 73.16+091 82.31+1.04
MB 22 100 300 500 0.75 500 91.89+09 91.89+0.9 82.41+0.82
MB 23 100 300 100 0.75 700 81.41+0.73 81.41+0.73 79.96 +0.85
MB 24 100 300 500 0.75 700 88.76 +1.06 88.76+1.06 78.42+0.81
MB 25 100 300 300 0.75 600 85.31+0.85 8531+0.85 77.94+0.28

Mean +SD,n=3

at40°Cand 75% (RH) Relative humidity. After the studies,
samples were examined for physical appearance and drug
entrapment efficiency.

RESULTS AND DISCUSSION

Solubility of Drug in Different Solvents

The solubility of atenolol was done by the qualitative
method. The amount of drug dissolved in solvents like
DCM, methanol, acetone, chloroform, acetonitrile, and
isopropyl alcohol was observed. Atenolol shows the highest
amount of solubility in the methanol compared with all the
other solvents but DCM shows the second highest solubility
compared with other solvents. So methanol was selected
after the solubility study.

Solubility of Drug in Different Excipients

Solubility of various polymers in different solvents was
done by quantitative method. The amount of synthetic or

Int. J. Pharm. Sci. Drug Res., March-April, 2023, Vol 15, Issue 2, 115-123

semi-synthetic polymers like Eudragit RS 100, Eudragit L
100, HPMCK100M, HPMC K4 M, ethyl cellulose, and natural
polymers like xanthan gum, tragacanth gum, guar gum,
and chitosan was dissolved in solvents like DCM, methanol,
acetone, and chloroform. All the remaining polymers are
either insoluble or slightly soluble in their respective
solvents. From the results of the polymer solubility study,
it can conclude that HPMC K4 M and Eudragit RS 100 are
soluble in methanol and DCM. So, HPMC K4 M and Eudragit
RS 100 were selected.

Compatibility of Drug and Excipients by FTIR

The drug and excipients compatibility study were checked
by comparing the pure drug spectra with the physical
mixture of drug and excipients. In case of pure drug
C-H stretching was at 2870 cm’t, C=C stretching was at
1584.24 cm™, 0=C-NH, stretching was at 1649.8 cm™ and
AR-0-Rgroupwasat 1242 cm™ observed. Fromthe spectrum
Figs. 1 and 2 it can be concluded that no major changes
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Table 4: Pharmacokinetics model’s R2 value
S.no. Type of Kinetic Model R2 value

1 Zero Order 0.9525
2 First order 0.9037
3 Huguchi model 0.9837
4 Hixson-Crowell 0.9718
5 Korsmeyer-Peppas 8.2237 with exponent value (n) =

110)
100

80 v [ WY |
é T s 1789 |
o,T 3 |
6o 1 TR PY | AL SR TS
9 2y o 21
10 13

40/

3
L

L L

20

4000 3000 2000 1000 600
Wavenumber [em-11

Fig. 1: FTIR spectra of pure drug ATL

were observed in the peak of the drug and physical
mixtures of drug and excipients.

Formulation and Development

Optimization of Formulation Parameters

To obtain an optimized formulation using a minimum
number of trial runs, the Box- Behnken design was used
by using Start-Ease Design Expert V10.0.0. Table 3 shows
that particle size varies from 47.71 * 1.12 to 92.61 *
1.53 pum and %EE varies from 49.87 + 1.90% to 91.89 +
0.9 and %buoyancy varies from 60.69 + 1.06% to 92.56
+ 1.16%. With the help of ANOVA and constructing a
polynomial equation, variation in the particle size, %EE
and %buoyancy evaluated
e Y1 (Particle Size): 77.0006 + 0.7779* A + 6.59627*
B + (-1.28789)* C + (-12.3788)* D + 0.0588004* AB
+ (-1.0375)* AC + (-0.414901)* AD + (-1.71)* BC +
(-0.740099)* BD + (-1.89882)* CD + (-2.33766)* A” +
(-3.76141)* B? + (-3.14267)* C? + (-5.18116)* D?
e Y2 (%EE): +81.91+3.59* A +5.54* B -1.25* C +2.43*
D -5.77* AB -9.17* AC +3.72* AD -0.99* BC -2.12* BD
+7.06* CD -10.65* A? -2.77* B? -0.075* C* +0.67* D?

-

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

Fig. 2: FTIR Spectra of physical mixture of drug and excipients

Particle Size (micron)

A ——
P— s 8y,

(A) (B)
Fig. 3: (A) 3D Response surface plot, (B) Contour plot for particle
S1Ze
of “Prob > F” less than 0.0500 indicate model terms are
significant. In the case of particle size, the factors B, D, for
%EE factors B, AC, A and, for %Dbuoyancy only factors C
were significant model terms. Values greater than 0.1000
indicate that the model terms are not significant.

Interaction between Factors

Effects of Independent Parameters on Dependent
Parameters

Change in independent variables such as increasing the
concentration of Eudragit RS 100 shows a significant
positive influence on particle size and %EE shown in
Figs. 3 and 4 respectively, while it shows a negative
influence on %Buoyancy shown in Fig. 5; in the case of
HPMC K4M increasing the concentration of HPMC K4M
shows only positive influence on particle size, %EE and,
%buoyancy shown in Figs. 3-5 While in case of stirring
speed and surfactant concentration, increasing the stirring
speed and surfactant concentration shows only negative
influence on particle size Fig. 6.

+ Y3 (% Buoyancy):75.8293+2.93727* A+ (-2.30394)*B
+(-10.548* C+-2.13456)* D + 1.52069* AB + 0.475* AC
+1.8839* AD + 1.1775* BC + (-1.5514)* BD + 1.07155*
CD + (-1.02783)* A% + (-0.180327)* B% + 1.05079* C2
+3.52201* D

The F-value for particle size, %EE and %buoyancy was

found to be 55.31, 2.90 and 4.18, respectively, indicating

the modelis significant. There is only a 0.01% chance thata

“Model F-value” this large could occur due to noise. Values

Table =-
Storage condition
At the time of preparation
Initial 40 + 2°C temperature and 75% -

Initial 40 + 2°C temperature -
Mean £ SD,n=3

120

Preparation of Optimized Batch based on Desirar"
Function

During the optimization of the ~
responges were considered *
characteristic of the fr-

HPMC K4M (242 ¢~

100 (500 me®

Speed T

P,




Entraptment Efficiency (%)

Fig. 4: (A) 3D Response Plot, (B) Contour Plot for %EE

In vitro Buoyancy (%)

o9

Fig. 5: (A)/3D Response surface plot, (B) Contour plot for
%Buoyancy

Evaluation/of Atenolol Loaded Optimized
Microballgons

Particle size, % EE and %Buoyancy

The optimized formulation shows particle size 85.878 +
1.063 pmj the %EE was 92.26 + 1.65% and, the %Buoyancy
was 89.19 + 1.48% observed, which is near to the predicted
value given by the software. so, it can be concluded that
the model developed by the software was significant and
reliable. As shown in Figs. 7 and 8 microballoons possessed
discrete particle sizes with smooth surface texture with

optimized batch was found to be 94.90 + 1.026%.

In-vitro Drug Release Study

The USP dissolution test apparatus II (paddle type) with
e whole assembly was used to conduct an in-vitro drug
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Fig. 7: Microscope image

Fig. 8: Digital microscope image
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Higuchi Model y=37.445x -29.86

120 R?=0.9837
100

~ 80

Sy .2

S0 e w
0 e

Square root of time

Fig. 10: P’cokinetics Higuchi Model

transport which was obtained from Korsmeyer Peppas
model’s release exponent value which was shown in Fig. 11

Characterization of Optimised Microballoons

FTIR Study of Optimized Atenolol-loaded Microballoons

FTIR spectrum of ATL-MBs shown in Fig. 12. From the
result, it can be observed that in the atenolol-loaded
microballoons, no significant changes in the frequencies
of the functional group compared with the FTIR spectra
of pure drug were observed.

SEM

The morphological characteristics of microballoons were
shown in the following Fig. 13. SEM image describes
the discrete particle size and the smooth surface of
microballoons with their spherical shape without the
aggregation of the micro-sized particles. Also, the particle
size with a range < 200 pum confirms the particle size of
the microballoons.

Stability Study

A stability study was performed to provide conclusive
evidence that the formulation remains stable for a specific
period. Stability study data is shown in Table 5. Which
shows the measured particle size, %EE, and %buoyancy
of the microballoons to ensure that the product remains
unchanged. And the stability chamber was maintained for
about 40 £ 2°C temperature and relative humidity atabout
75 + 5% RH for 15 days and 30 days as per ICH guidelines.
But after the study, a slight change was observed in their
particle size, %EE, and %buoyancy properties which were
shown in Table 5. Based on the stability, we can conclude
that there was no significant change in microballoons of
the optimized formulation after 30 days of storage at 40
+ 2°C temperature and 75 + 5% RH.

Krosmeyer Peppas model

06 y=09125x - 0.8931 o
R#= 09837 -
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o
@
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Fig. 11: P’cokinetics Korsmeyer Peppas model
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Fig. 12: FTIR Spectra of Prepared Batch of ATL-MBs

Fig. 13: SEM Image Shows Range of Microballoons Particle Size
with Their Smooth Surface

CONCLUSION

The current study successfully formulated the ATL-loaded
microballoons by the non-aqueous solvent emulsion
diffusion method. The independent variables like the
concentration of HPMC K4M, the concentration of Eudragit
RS 100, the concentration of surfactant (Span 80), and
stirring speed plays a crucial role in the formation of
microballoons and also affects the dependent variable
like particles size, drug entrapment efficiency, and
in-vitro drug buoyancy. The formulation was optimized
by the Box-Behnken design. The optimized batch shows
85.878 £ 1.063 um particle size, 93.26 * 1.65% EE,
and 89.19 + 1.48% buoyancy. FTIR study shows no
incompatibility between the drug and excipients. SEM
study shows smooth texture and a spherical shape of the
microballoons with particle size < 200 um and the space
between the microparticle can be confirmed with the
help of a digital microscope and compound microscope.
The in-vitro drug release shows an improved drug release
compared to the pure drug because of an increase in the
gastricresidence time. The pharmacokinetic model shows
ATL-MBs release the drug in a controlled manner with a
mechanism involved was super case type II transport.
The stability study shows no significant change in
microballoons of the optimized formulation after 30
days of storage as per ICH guidelines. Hence, we can
conclude that microballoons drug delivery can be used
for gastric retention in the stomach which may improve
patient compliance by reducing the dosage frequency and
increasing the gastric emptying time.
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