Development And Characterization Furosemide Loaded Mucoadhesive Microsphere Section A-Research Paper

DEVELOPMENT AND CHARACTERIZATION EUROSEMIDE
E B LOADED MUCOADHESIVE MICROSPHERE

Vikas Sharmal®, Jiyaul Hak?, Dr. Mojahid ul Islam, Dr. Prabhakar
Vishvakarma*

"Research Scholar, Department of Pharmacy, IIMT College of medical sciences, IIMT University Meerut
250001, Uttar Pradesh, India

2Department of Pharmacy, IIMT College of medical sciences, IIMT University Meerut 250001, Uttar
Pradesh,India

$Department of Pharmacy, IIMT College of medical sciences, IIMT University Meerut 250001, Uttar
Pradesh, India

“Department of Pharmacy, IIMT College of medical sciences, IIMT University Meerut 250001, Uttar
Pradesh, India

*Corresponding Author: Vikas Sharma®”
“Research Scholar, Department of Pharmacy, IIMT College of medical sciences, IIMT University Meerut
250001, Uttar Pradesh, India

DOI: 10.48047/ech/2023.12.si5a.0449

Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311 5298



Development And Characterization Furosemide Loaded Mucoadhesive Microsphere

1. INTRODUCTION

1.1 Solid dispersion

Solid dispersion can be defined as a dispersion in
which drug eutectic mixes are formed with water-
soluble carriers by melting of their physical
mixtures. The term "solid dispersion” refers to an
inert carrier and matrix containing one or more
active ingredients that have been dispersed in a
solid form using a melt, fusion, solvent, or melts
solvent preparation process.

The drug's permeability and oral bioavailability
are significantly influenced by its solubility. Some
medications' solubility makes it difficult for their
formulation to be acceptable for oral
administration. The hydrophobic medication and
the hydrophilic matrix are used to create the solid
products, which are made up of at least two
distinct components. The dispersion matrix may
have either an amorphous or crystalline shape.
The medication may then be dissolved, either in
crystalline or amorphous form[1-5].

1.1.2 Advantages

Using solid dispersion technology has various

reasons for improvement of solubility of poor

water soluble drug. Advantages of solid

dispersions are as follows:

1. The drugs porosity to improvement.

2. To dispenser the gaseous and liquid
compounds

3. To mask the taste and color of the drug
substances.

4. Reduced the particle size of the drug.

1.1.3 Disadvantages

1. The risk of precipitation upon dilution with
aqueous media which compound is less
soluble.

2. The tolerability and toxicity is related with
use of a non physiological pH and extreme
pH.

1.1.4 Applications

1. To enhance the drug absorption;

2. To obtain a homogeneous a small amount
distribution of drug in solid state;

3. Used for stabilize to unstable drugs and
protect against decomposition by processes
like photo oxidation hydrolysis, oxidation,
etc.

4. To dispense in liquid or gaseous
compounds;
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5. To formulate a fast release dose in
sustained release dosage form with control
release;

6. To form a sustained release preparation of
soluble drugs by dispersing drug in
insoluble carrier or poor soluble;

7. To reduce side effects - (a) the drugs
binding ability e.g. the erythrocyte
membrane is reduce by making its
complex,(b) Damage to stomach mucous
membranes by some non-steroidal anti-
inflammatory drugs (NSAIDs) can be
reduced through  administration an
inclusion compound.

8. To mask the smell and unpleasant taste of
the drug. For example the bed taste of anti-
depressant famoxetine to development oral
liquid formulations which give bitter taste
was greatly suppressed when famoxetine
solid complex was formulated aqueous
suspension;

9. To convert liquid compounds to solid
formulations. Liquid drugs can be
manufactured the solid drug formulations
like powders, tablets or capsules e.g.,
unsaturated fatty acids, prostaglandin,
clofibrate, essential oils, nitroglycerin,
benzaldehyde etc.

10.The poorly soluble drugs solubility are increase
the  absorption, dissolution rate, and
bioavailabilty.

11.The masking of the unpleasant taste, clour and
smell of drugs.

12.To improve the drug release from in shampoo,
ointment, creams, and gels.

13.1t reduces the side effect of the certain drugs
and its dosage form. [6-10]

1.1.5 TYPES OF SOLID DISPERSION

1. Eutectic mixtures

Two chemicals that are completely miscible in
liquid form but only to a very limited amount in
solid form make up a simple eutectic combination.
Rapid solidification of two components melts
results in the creation of eutectic mixtures, which
exhibit full liquid miscibility but minimal solid-
solid solution.

2. Solid solutions with discontinuities

In discontinuous solid solutions, the solubility of
components in other components is limited. Only
solid solutions with a mutual solubility of at least
5% between the two components should use it.
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3. Glass suspensions and solutions

The solute dissolves in a glass carrier in this
homogenous glassy system. The glass solvent is
used to suspend the glass suspension mixture of
precipitated particles.

4.Crystalline precipitation of amorphous
material

The substance is precipitated to create an
amorphous state, comparable to a straightforward
eutectic combination.

5. Supplementary solid dispersions

Only when the size of the solute molecules varies
by less than 15% is substitution feasible. The
solute molecules may either replace the solvent
molecules in the crystal lattice or fit into the
interstices between the solvent molecules in solid
solutions that have crystalline structure.

6. Reliable remedy

In contrast to liquid solutions, solid solutions only
include one phase, regardless of the number of
components. Particle size of drugs in solid
solutions has been lowered. [11-12]

1.1.6 Polymers used in the mucoadhesive

microspheres formulation

Mucoadhesive polymers are swellable networks of

both water-soluble and water-insoluble types that

are connected by cross-linking agents. These
polymers provide enough mucus wetting and have
the best fluidity, allowing the mucus membrane
and polymer to interact and adsorb to one another.

Mucin epithelium surfaces attach to mucoadhesive

polymers, which are broadly categorised into three

groups [13].

1. Stickiness is what gives sticky polymers in
water their ability to adhere to mucous
membranes.

2. It may be important for polymers to
connect by non-specific, non-covalent
interactions that are largely electrostatic in
nature and include hydrogen and lipophilic
bonding.

3. Polymers connect with certain receptor
sites.

Drug delivery may employ three different
kinds of polymers.
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1.1.7 Traditional non-specific first generation
mucoadhesive polymers

First generation mucoadhesive polymers are
divided in three type:-

(1) Anionic polymers

(2) Cationic polymers

(3) Non-ionic polymers.

Anionic and cationic polymers have show to
exhibit greatest mucoadhesive strength.
Consequently, charged polymeric systems will be
examined in more depth.

1.1.8 Novel second-generation mucoadhesive
polymers

1. Lectins

2. Thiolated polymers

2. MATERIAL AND METHOD

2.1 Material

The drug Furosemidewas obtained gift sample
from Sunpharma (Himanchal Pradesh), Calcium
carbonate from S d fine Chem limited, Mumbai,
Mannitol from S d fine Chem limited, PEG-400

From S d fine Chem limited, PEG-6000 from S d
fine Chem limited, B-cyclodextrin Yarrow Chem
products, Mumbai and Sodium alginate from S d
fine Chem limited, Mumbai.[14-18]

2.2 Methodology

The microcapsule coating is combined in a
volatile solvent that is immiscible with the liquid
vehicle phase during this procedure, which is done
in a liquid vehicle. A core material dissolves or
disperses the microencapsule in the coating
polymer solution, and the combination is then
agitated with the core material to disperse the
microencapsule into a uniform size in the liquid
vehicle phase. If necessary, the mixture is heated
to help the polymer of the core material dissolve
in the polymer solution and shrink away from the
core. The formation of matrix-type microcapsules
follows the dispersion of the core material in a
coated polymer solution.

The development of an emulsion between an
immiscible continuous phase and an polymer
solution that is either agqueous (o/w) or non-
aqueous, as well as a comparison of mucoadhesive
microspheres, constitute the solvent evaporation
method [19-25].
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2.3 Optimization formula for preparation of Solid dispersion
TABLE NO: 1Optimization formula for preparation of Solid dispersion

Gredients formulation | F1 F2 F3 F4

F5 F6 F7 | F8 | F9 | F10 | F11 | F12

Drug 500 | 500 | 500 | 500
mg mg mg | mg

500 | 500 | 500 |[500({500| 500 | 500 | 500
mg | mg mg (mg,mg| mg | mg | mg

PEG 4000 500 [1.0gm| _ _ _ _ _ N _ _
mg
PEG 6000 _ _ 500 | 1.0 _ _ _ N _ _
mg | gm
Mannitol 250 | 500 |1.0gm| 15

mg | gm gm

B-cyclodextrin

2501 500 | 1.0 | 15
mg| mg | gm | gm

Represents the formulation by using ingredients in different ratio n = 12

3. RESULT AND DISCUSSION

3.1. Preformulation Studies

3.1.1. PHYSICAL EVALUATION: THE DRUG WAS
EVALUATED FOR ITS PHYSICAL FORM AND
ORGANOLEPTIC PROPERTIES.

ORGANOLEPTIC PROPERTIES AND PHYSICAL
FORM OF FUROSEMIDE ARE FOLLOWING

TABLE NO.2:- ORGANOLEPTIC PROPERTIES AND PHYSICAL FORM OF FUROSEMIDE

S.NO. | ORGENOLEPTIC PROPERTIES

1 DESCRIPTION FINE CRYSTALLINE POWDER
2 COLOUR YELLOWISH WHITE COLOUR
3 ODOUR PUNGENT

4 TASTE TASTELESS

3.1.2. WAVELENGTH MAXIMUM (Amax) OF
FUROSEMIDE

THE FUROSEMIDESOLUTION OF (6 upG/ML) WAS
PREPARED IN WATER, METHANOL, PHOSPHATE
BUFFER 6.8, AND PHOSPHATE BUFFER 7.8 AND
THEN SCANNED USING SHIMADZU, DOUBLE
BEAM UV-VIS SPECTROPHOTOMETRY 1700). THE
SCANNING RANGE WAS BETWEEN 200NM TO
400NM.

Maximum lemda max was obtained Amax 235 nm
[26-32].

3.1.4. Melting Point

3.1.3. Partition coefficient

1. Partition coefficient of Drug in n-Octanol
and water

Partition coefficient value ofdrug in n-octanol and
water was found to be 1.34.

2. Partition coefficient of Drug in Octanol and
pH 6.8 phosphate buffer

Partition coefficient value of drug in phosphate
buffer (pH6.8) was found to be 1.41.

3. Partition coefficient of Drug in Octanol and
pH 7.4 phosphate buffer

Partition coefficient value of drug in Octanol and
phosphate buffer (pH 7.4) was found to be 1.45.

TABLE NO-3:- Melting point of furosemide

Average + S.D.

104.7 £ 0.5

S.No. Melting point (°C)
1 104.7
2 105.3
3 104.2

The above experiment result revealed that
observed melting point value i.e. 104.7°C of
model APl was matched with value given in
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standard literature. Hence it was used as
preliminary identification tool.
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3.1.5. Quantitative estimation of drug

3.1.5.1 Praparation of calibration curve of furosemide in different solvent

A. Preparation of calibration curve of furosemide in methanol (Amax235 nm)
TABLE NO-4:- Calibration curve of Furosemidein methanol

S.no | Concentration(ug/ml) | Absorbance
1 5 0.304
2 10 0.381
3 15 0.459
4 20 0.483
5 25 0.547

o
[e)}
]

o
(9]
1

N
D
1

Standard calibration curve in methanol

y =0.0118x + 0.2566

Concentration (Lg/ml)

]
f=
(5]
203 - R? = 0.9842
2
Ko}
<02 -
0.1 -
0 T T T T T 1
0 5 10 15 20 25 30

Figure-1:- Calibration curve of furosemide in methanol

B. Preparation of furosemide calibration curve in phosphate buffer pH 6.8 (Amax 235 nm)
TABLE NO: 5- The furosemide calibration curve in phosphate buffer pH 6.8

S.No. | Concentration(ug/ml) | Absorbance
1 5 0.258
2 10 0.372
3 15 0.58
4 20 0.644
5 25 0.779
Standard calibration curve in pH 6.8
phosphate buffer
0.7 -
0.6 - b4
w 0.5 - *
€ 04 - y = 0.014x + 0.247
2 R?=0.9570
S 03 -
el
< 0.2 -
0.1 -
O T T 1
0 10 20 30
Concentration (ug/ml)

Figure-2:- Calibration curve of Furosemidein phosphate buffer pH 6.8
Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311
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C. Preparation of Furosemidecalibration curve in 0.1N HCI (Amax 235nm)
TABLE NO-6:- Calibration curve of Furosemidein 0.1N HCI

S.NO. | Concentration (ug/ml) | Absorbance
1 2 0.016
2 4 0.029
3 6 0.041
4 8 0.052
5 10 0.068

Section A-Research Paper

Absorbance

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Standard calibration curve in pH 0.1N HCI

y =0.0263x + 0.1324
R?=0.9789

10 15

Concentration (pg/ml)

25 30

Figure-3:- Calibration curve of Furosemidein 0.1N HCI

D. Preparation of calibration curve of furosemide in phosphate buffer pH- 7.4(Amax 235nm)
TABLE NO:7 - Calibration curve of furosemide in phosphate buffer pH-7.4

S.NO. | Concentration (ug/ml) | Absorbance
1 2 0.024
2 4 0.034
3 6 0.043
4 8 0.054
5 10 0.063

Absorbance

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Standard calibration curve in pH 7.4 Phosphate

Concentration (pg/ml)

buffer
| y =0.0334x + 0.0476
| R?=0.9795
4 L
| L )
0 10 20 30

As per the experimental result all four prepared
standard curve having regression value above

Figure-4:- Calibration curve of Furosemidein phosphate buffer pH-7.4
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0.95, which signify the
linearity [33-35]

reproducibility and
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IR SPECTROSCOPY
Spectrum Graph
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Figure-5:- FTIR of Furosemide

Name

The drug and excipient were taken in 1:1 ratio samples were placed in stability chamber at 40°C

mixed properly using a poly bag. Now the for 21 days.
mixtures were transferred into the glass vials and
Through Fourier Transform Infrared Spectroscopy:.
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Figure-6:- FTIR of Furdsemidewith beta-cyclodextrin and sod. alginate polymer
3.1.6 Evaluation of solid dispersion
3.1.6.1 Percentase Practical yield
% practical yield of solid dispersion using defferent polymer

TABLE NO: 8- % practical yield of furosemide solid dispersion using different polymer ratio

Formulation | % practical yield
F1 87
F2 79.1
F3 80.3
F4 72.4
F5 82.6
F6 85.6
F7 88.5
F8 79.7
F9 86.5
F10 90.7
F11 89.7
F12 83.4

Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311
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The twelve formulations are prepared using formulation F10 which containl:1 drug polymer
different polymer ratio were evaluated. The ratio showed higher % practical yield 90.7 % [36-
percentase practical yield range for all the 40].

formulation was founded to be 79.1-90.7. The

3.1.6.2 Drug content
Drug content of Furosemidesolid dispersion using differentpolymer ratio
TABLE NO:9 - Drug content of Furosemidesolid dispersion using different polymer ratio

Formulation | Drug content

F1 86.6

F2 84.5

F3 78.7

F4 82.3

F5 74.8

F6 74.7

F7 75.3

F8 78.7

F9 77.7

F10 89.4

F11 87.2

F12 85.6
The twelve formulations are prepared using to be 74.7-89.4. The formulation F10 which
different polymer ratio were evaluated. The drug contain 1:1 drug polymer ratio showed higher
content range for all the formulation was founded drug content 89.4 %.

3.1.7 In-vitro dissolution
In-vitro dissolution of solid dispersion using defferent polymer
TABLE N0:10- In-vitro dissolution of solid dispersion using PEG 4000 & 6000

Time (min) Percentage drug relase of different ratio of PEG solid dispersion
furosemide+ PEG- 4000 | Furosemide + PEG-6000
Fi(L1:1) | F(1:2) Fs(1:1) Fa(1:2)

0 0 0 0 0

10 27.5 28.2 11.8 10.45

15 38.9 41.3 26.75 16.75

30 415 53.4 36.9 24.7

45 56.7 64.4 40.1 32.9

Percentage drug relase of different ratio of PEG solid

dispersion
70 -
60
50 ——F1
[-4
g %0 —-—F2
x 30 F3
20
e F4)
10
O T T T T 1
0 10 20 30 40 50

time
Figure: 7 percentage drug release
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1.8 Comparative dissolution profile of furosemide solid dispersion with different polymer and pure

drug
TABLE NO:11- Comparative dissolution profile of furosemide solid dispersion with different polymer and
pure drug
Time(min) Percentage drug relase of different solid dispersion formulation and pure drug
Drug F2(1:2) Fs(1:1) F7(1:1.5) | Fp(l1)

0 0 0 0 0 0

10 10.12 28.2 11.8 27.5 53.2

15 14.34 41.3 26.75 42.1 61.3

30 21.82 53.4 36.9 47.9 74.4

45 29.08 64.4 40.1 54.5 89.4

100

Percentage drug relase of different solid dispersion
formulation and pure drug

% CDR

==@=Pure Drug
== F2

F3
—==F7
==ie=F10

Figure -8:- Comparative dissolution profile of furosemide solid dispersion with different polymer and
pure drug

The five formulations are prepared using different
polymer ratio and pure drug were evaluated. The
formulation F10 which contain 1:1 drug polymer
ratio showed higher % CDR as showed in fig. 8.9.

3.1.9 Evaluation of Microsphere

All the prepared mucoadhesive microspheres were
evaluated by prelimanary steps such as visual
apperance and drug content.

3.1.9.1% Practical yield
% practical yield of defferent ratio sodium
alginate microsphere [41-43].

The four formulations are prepared using different
sodium alginate ratio were evaluated. The
percentase practical yield range for all the
formulation was founded to be 85.3-90.4. The
formulation MS2 which containl:1 drug polymer
ratio showed highest % practical yield 90.4 %.

3.1.9.2 Drug content
Drug content of different ratio sodium alginate
microsphere

TABLE NO: 13- Drug content of different ratio
sodium alginate microsphere

TABLE NO.12:- % practical yield of defferent

ratio of sodium alginate microsphere

Formulation % practical yield
MS1 85.4
MS2 90.4
MS3 88.3
MS4 85.3

Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311

Formulation Drug content
MS1 74.3
MS2 86.3
MS3 83.5
MS4 79.0

The four formulations are prepared using different
polymer ratio were evaluated. The drug content
range for all the formulation was founded to be
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74.3-86.3. The formulation MS2 which
containl:1 drug polymer ratio showed highest %
practical yield 90.7 %.

3.1.10 Entrapment efficacy
Entrapment efficacy of different ratio sodium
alginate microsphere

TABLE NO 14:-Entrapment efficacy of different
ratio sodium alginate microsphere

Formulation Entrapment efficacy
MS1 725
MS2 86.3
MS3 87.5
MS4 89.0

The four formulations are prepared using different
polymer ratio were evaluated. The entrapment
efficacy range for all the formulation was founded
to be 72.5-89.0. The formulation MS4 which
containl:2 drug polymer ratio showed higher
entrapment efficacy 89.0 %[44-46].

3.1.11. Mucoadhesive test
Mucoadhesive test of defferent ratio sodium
alginate microsphere

TABLE NO:15 - Mucoadhesive test of different
ratio sodium alginate microsphere

Formulation Mucoadhesion
MS1 74.3
MS2 86.3
MS3 88.5
MS4 92.3

The four formulations are prepared using different
polymer ratio were evaluated. The mucoadhesion

Section A-Research Paper

for all the formulation were founded to be 73.5-
92.3. The formulation MS4 which containl:2 drug
polymer ratio showed higher mucoadhesion 92.3
%.

3.1.12. Swelling index
Swelling index ofdefferent ratio sodium alginate
microsphere

TABLE NO.16:- Swelling index of different ratio
sodium alginate microsphere

Formulation | Swelling index
MS1 78.3
MS2 86.3
MS3 83.5
MS4 84.0

The four formulations are prepared using different
polymer ratio were evaluated. The swelling index
range for all the formulation was founded to be
72.5-89.0. The formulation MS4 which containl:2
drug polymer ratio showed higher swelling index
89.0 %.

3.1.13. In-Vitro Release Studies

The solid dispersion having drug: polymer ratio
1:1 was obtain as base formulation away all 12
solid dispersion formulation. The optimized solid
dispersion formulation (F10) was incorporated in
microsphere and make 4 different formulation
prepared. All formulation are evaluated at pH 1.2
HCI but no release of drug cause of enteric
coating and then evaluated at pH 6.8 phosphate
buffer. MS2 formulation is best formulation
which containing 1gm solid dispersion and
showed miximum drug release from till
formulation as show in fig. 8.10

TABLE NO.17- Percentage cumulative release of different of Furosemidemicroshpere formulations in
phosphate buffer (pH 6.8)

Time interval (hrs) | Percentage drug relase of different formulation 8 hrs
MS: MS; MSs MS,

0 0 0 0 0

0.5 37.42 42.73 39.04 40.12
1 43.67 47.55 44.40 46.67
2 47.75 52.52 50.51 51.34
3 51.18 59.44 56.10 55.11
4 55.74 66.58 65.07 59.26
5 60.45 74.46 71.97 64.08
6 67.93 82.52 77.48 68.31
7 72.45 93.75 84.12 70.15
8 82.86 97.89 86.10 72.02

The four formulations are prepared using different polymer ratio were evaluated. The formulation MS2
which contain 1:1 drug polymer ratio showed higher % CDR as showed in fig. 8.10.

Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311
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3.1.14. Scanning Electron Microscopy (SEM):- The microspheres were founded smooth surface and the
size less than10um by SEM

N

Figure 9:-SEM of Furosemldemlcosphere

3.1.15 Release kinetics study of Optimized optimized formulation is Hixon-crowel with
formulation (MS;) n=0.3013 and the mechanism of release by the
The release Kkinetic study of the optimized formulation follows Higuchi matrix pattern.

formulation depicts that the best fit model for the

120.00 -+
100.00 - =—Actual Avg.
%DR
=fi—Zero
80.00 -
=== 1st order
[
o% 60.00 1 === Matrix
40.00 - ==ie=Peppas
=== Hix.Crow.
20.00 -
0.00 )
0 12
Time

Figure no.10Release kinetics study of Optimized formulation (MS,)

TABLENO. 18 Release kinetics study of Optimized formulation (MS5)

Model Fitting R? K
Zero order 0.8570 | 9.4576
1st order 0.8594 | -0.3819
Higuchi Matrix 0.9116 | 9.6729
Peppas 0.9152 | 5.3417
Hix.Crow. 0.9290 | 0.0736
Parameters for
Korsmeyer-Peppas Equation
n= 0.3013
k= 5.3417
Best fit model= Hixon-Crowell
Mechanism of release
Fickian Diffusion (Higuchi Matrix)

3.1.16 Accelerated Stability Studies system. All these formulation was to analyzed for
According to ICH guideline, the accelerated visual appearance, size, and drug content
stability studies were carried for prepared gelling remaining. Three month of stability study reveal

Eur. Chem. Bull. 2023, 12(Special Issue 5), 5298 - 5311 5308
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that there was no chnge in visual appearance and
size. All these formulation are showed slight drug

Section A-Research Paper

content but it was in acceptable limits.

TABLENO: 20The Formulation's Stability Studies at room temp (pH-6.8)

S.No | Number of day Percentage Drug Remainin

MS1 MS2 MS3 | MS$4
1 0 98.59 98.95 | 98.98 | 98.97
2 15 58.52 98.91 | 98.85 | 98.87
3 30 98.51 98.82 | 98.72 | 98.75
4 45 98.46 98.75 | 98.62 | 98.65
5 60 98.35 98.68 | 98.53 | 98.52
6 75 98.08 98.58 | 98.41 | 98.43
7 90 98.06 98.51 | 98.35 | 98.27
8 105 98.05 08.46 | 98.24 | 98.24
9 120 98.03 98.38 | 98.18 | 98.19

Conclusion

The objective of the present study was to improve
solubility and hence dissolution behavior of
poorly soluble drug, Furosemide, by formulating
solid dispersions using PEG-4000, PEG-6000,
mannitol and B-cyclodextrin. Solvent evaporation
method was used for the formulation of solid
dispersions and was found satisfactory as it
produced good product with high drug content and
markedly enhanced drug aqueous solubility. The
optimized solid dispersion formulation was then
incorporated into mucoadhesive microspheres
formulated by ionic gelation method. These
microspheres were coated by enteric coating
polymer to protect the formulation from the highly
acidic environment in the stomach. So formed
mucoadhesive  microspheres of  Furosemide
showed enhanced drug release profile and
exhibited delayed and sustained release of the
drug. From the above study it can be concluded
that solid dispersion of the drug enhances its
solubility and mucoadhesion of the microspheres
leads to sustained delivery of the drug leading to
increased therapeutic efficacy and reduced dosage
frequency, ultimately making the product patient
compliance [47-50].
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