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Abstract:

Metformin hydrochloride is a hypoglycemic agent used for the treatment of non-insulin dependent Diabetes mellitus.
It is a BCS class 111 drug having high solubility and poor permeability. Plasma half life ranges from 1.5 to 3 hours
and oral bioavailability is 50 to 60 %. Hence require frequent oral administration for adequate treatment of
Diabetes. In order to extend the gastric retention time, oral sustained release dosage form was develop in the form
of microspheres using different polymers (sodium CMC, HPMC K100M). All the formulations were evaluated for
in-vitro dissolution, entrapment efficiency, and percentage buoyancy. Metformin hydrochloride microspheres of
formulation F-4 was optimized on the basis of in-vitro drug release pattern, entrapment efficiency, percentage
buoyancy. The percentage yield of optimized formulation was 72%, entrapment efficiency was 70.56%, percentage
buoyancy was 86% and the cumulative percentage drug release after 11 hours was found to be 90%. The optimized
formulation was tested for its stability for 6 months as per ICH guidelines and the formulation found tom be stable
during the test period.
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INTRODUCTON:

Microspheres are  small spherical particles, with
diameters in the micrometer range (typically 1 pm
to 1000 um (1 mm)). Microspheres are sometimes
referred to as microparticles. Microspheres can
be manufactured from various natural and synthetic
materials. Glass microspheres, polymer
microspheres and ceramic microspheres
are commercially available.  Solid and hollow
microspheres vary widely in density and, therefore,
are used for different applications. Hollow
microspheres are typically used as additives to lower
the density of a material. Solid microspheres have
numerous applications depending on what material
they are constructed of and what size they are.[1]

TYPES OF MICROSPHERES [1, 2]

1. Bio adhesive microspheres

Adhesion can be defined as sticking of drug to the
membrane by using the sticking property of the water
soluble polymers. Adhesion of drug delivery device
to the mucosal membrane such as buccal, ocular,
rectal, nasal etc can be termed as bio adhesion. The
term “bioadhesion” describes materials that bind to
biological substrates’, such as mucosal members.
Adhesion of bioadhesive drug delivery devices to the
mucosal tissue offers the possibility of creating an
intimate and prolonged contact at the site of
administration. [3, 4, 5]

This prolonged residence time can result in enhanced
absorption and in combination with a controlled
release of drug also improved patient compliance by
reducing the frequency of administration. Carrier
technology offers an intelligent approach for drug
delivery by coupling the drug to a carrier particle
such as microspheres, nanospheres, liposomes,
nanoparticles, etc., which modulates the release and
absorption of the drug. Microspheres constitute an
important part of these particulate drug delivery
systems by virtue of their small size and efficient
carrier capacity.

2. Magnetic microspheres

This kind of delivery system is very much important
which localizes the drug to the disease site. In this
larger amount of freely circulating drug can be
replaced by smaller amount of magnetically targeted
drug. Magnetic carriers receive magnetic responses to
a magnetic field from incorporated materials that are
used for magnetic microspheres are chitosan, dextran
etc.The different type are Therapeutic magnetic
microspheres are used to deliver chemotherapeutic
agent to liver tumor. Drugs like proteins and peptides
can also be targeted through this system. Diagnostic
microspheres. Magnetic drug transport technique is
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based on the fact that the drug can be either
encapsulated into a magnetic microsphere or
conjugated on the surface of the microsphere. The
accumulation of carrier at the target site allows them
to deliver the drug locally.

3. Floating microspheres

In floating types the bulk density is less than the
gastric fluid and so remains buoyant in stomach
without affecting gastric emptying rate. The drug is
released slowly at the desired rate, if the system is
floating on gastric content, increases gastric residence
and fluctuation in plasma concentration. It also
reduces chances of striking and dose dumping and
produces prolonged therapeutic effect. Drug
(ketoprofen) given through this form.[1,6,8]

4. Radioactive microspheres

Radio emobilisation therapy microspheres sized 10-
30 nm are of larger than capillaries and gets tapped in
first capillary bed when they come across. They are
injected to the arteries that lead to tumor of interest.
So these radioactive microspheres deliver high
radiation dose to the targeted areas without damaging
the normal surrounding tissues. It differs from drug
delivery system, as radio activity is not released from
microspheres but acts from within a radioisotope
typical distance and the different kinds of radioactive
microspheres are o emitters, B emitters, Yy
emitters.[12]

5. Muco adhesive microspheres

Muco adhesive microspheres which are of 1-1000mm
in diameter and consisting either entirely of a muco
adhesive polymer or having an outer coating of it and
coupling of mucoadhesive properties to microspheres
has additional advantages, e.g. efficient absorption
and enhanced bioavailability of the drugs due to a
high surface to volume ratio, a much more intimate
contact with the mucus layer, specific targeting of
drug to the absorption site achieved by anchoring
plant lectins, bacterial adhesions and antibodies, etc.
on the surface of the microspheres. Mucoadhesive
microspheres can be tailored to adhere to any
mucosal tissue including those found in eye, nasal
cavity, urinary and gastrointestinal tract, thus offering
the possibilities of localized as well as systemic
controlled release of drugs.

6. Polymeric microspheres [9,10,11]

The different types of polymeric microspheres can be
classified as

(a) Biodegradable polymeric microspheres:
Natural polymers such as starch are used with the
concept that they are biodegradable, biocompatible,
and also Bioadhesive in nature. Biodegradable
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polymers prolongs the residence time when contact
with mucous membrane due to its high degree of
swelling property with aqueous medium , results gel
formation. The rate and extent of drug release is
controlled by concentration of polymer and the
release pattern in a sustained manner. The main
drawback is, in clinical use drug loading efficiency of
biodegradable microspheres is complex and is
difficult to control the drug release.

(b) Synthetic polymeric microspheres:

The interest of synthetic polymeric microspheres are
widely used in clinical application, moreover that
also used as bulking agent, fillers, embolic particles,
drug delivery vehicles etc and proved to be safe and
biocompatible. But the main disadvantage of these
kind, are tend to migrate away from injection site and
lead to potential risk, embolism and further organ
damage. Polyethylene, polystyrene and expandable
microspheres are the most common types of polymer
microspheres. [13,14]

MATERIALS AND METHODS:
Table 1: Materials used for the study

INGREDIENTS SUPPLIER
Metformin Yarrow chem. Products
hydrochloride Mumbai.

Hydroxy propyl

Ozone International
methyl cellulose

K100M Mumbai.
Sodium Carboxy Ozone International
methyl cellulose Mumbai.

. . S.D. Fine chemicals
Sodium bicarbonate Ltd. Mumbai.

. . S.D. Fine chemicals
Calcium chloride Ltd. Mumbai.
Sodium alginate Loba Chemie Pvt

g .Ltd.Mumbiai.

DRUG PROFILE [24,25]

Empirical formula: The Empirical formula of
Metformin HCI is C4H11Ns HCI.

Molecular weight: 165.63.

Description:

A biguande hypoglycemic agent used in the treatment
of non-insulin dependent diabetes mellitus not
responding to dietary modification. Metformin
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improves glycemic control by improving insulin
sensitivity and decreasing intestinal absorption of
glucose.

Melting point: 223-226 °C
Structure:

CH,
| H
N N NH

2
H,c” \n/ Y * HCI

NH NH

Metformin Hydrochloride

Figl : Metformin Hydrochloride structure

Chemical name:
dimethylmethanimidamide.

1-carbamimidamido-N,N-

Pharmacokinetics:

After oral administration Metformin Hydrochloride is
freely soluble. Half-life of Metformin Hydrochloride
salt is 4-6 hours. The oral bioavailability of the drug
is 50-60 % under fasting conditions.

Formulation of Sustained Release Microspheres

Procedure: The following steps involved in

preparation of Metoprolol microspheres.

1. Preparation of Polymer Solution by dissolving in

distilled water.

2. Dissolve Drug (Metformin Hydrochloride) in

above Solution.

3. Sonicate the Drug-Polymer Solution for proper

mixing.

4. Above solution was added drop wise by a 26G

hypodermic needle into 50ml of 5% w/v CaCl;
solution.

5. Formed Metoprolol Microspheres were stirred in

the cross linking agent for 1hr at 100rpm.

6. Wash the Microspheres with de-ionized water and

dried at 80°C for 2 hour.

7. Transfer prepared Microspheres to desiccators to

maintain the constant Humidity conditions.

All Formulations were prepared by lonic Gelation

method using different polymers. [7,15,16]
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Table 2: Formulations composition

. Metformin HCI | HPMC-K10p | Sodium Carboxy Sodium
Formulations (mg) M(mg) methyl bicarbonate(mg)
cellulose(mg)
Fi 500 100 100 100
F2 500 100 50 100
F3 500 50 100 100
Fa 500 50 50 100

RESULTS AND DISCUSSIONS:
Preformulation Studies [17,20,21]
Drug Excipient compatibility studies:

The compatibility of drug and formulation was observed in the 1.R graphs in major functional
components is important prerequisite  before groups. Based on the compatibility studies obtained
formulation. It is therefore necessary to confirm that by I.R studies, the polymer HPMC K100 M, sodium
the drug does not react with the polymers and CMC were taken for the optimization of the
excipients under experimental conditions and affect formulation, which is compatible with the drug.
the shelf life of product or any other unwanted effects . .
on the formulation. Calibration Curve

Standard curve of Metformin Hydrochloride by using
The compatibility study between the drug and the pH 1.2 HCI buffer

polymer was done by I.R studies. No major peak shift
Table 3: Data for standard graph of Metformin Hydrochloride in pH 1.2 HCI buffer at > max 233 nm

S.NO Concentration (ug/ml) Absorbance
1 0 0
2 10 0.171
3 20 0.353
4 30 0.526
5 40 0.736
6 50 0.889
1 CALIBRATION CURVE
v 0.8
0.6
§ y=0.018x- 0.005
s 04 R?=0.999
2 02
“ 0
0.2 20 30 40 50 60
concentration(ugm/ml)

Fig 2: Calibration curve for Metformin Hydrochloride in pH 1.2HCI buffer.
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Evaluation Tests:

Particle Size
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Percentage Yield:

Fig 3: SEM of formulated Microspheres

Table 4: Percentage yield of different formulations

Formulations Total weight taken Total weight of Percentage yield
(mg) microspheres (mg) (%)
F-1 1100 750 63.1
F-2 1050 700 66.6
F-3 1050 750 714
F-4 1000 720 =

Inference: From the above table the percentage yield of prepared Microspheres was found to be more for the

formulation F- 4 (72 %)

Entrapment Efficiency: [17,20,21]

In calculation of entrapment efficiency first measure amount of drug loaded in the total microspheres. For this U.V

visible spectrophotometer is used for the analysis of drug.

Table No.5: Entrapment efficiency of the different formulations

Formulations Observed drug (mg) | Total amount taken Entrapment
(mg) efficiency(%6)
F-1 45 100 67.5
F-2 47 100 65.8
F-3 46 100 69
F-4 49 100 70.56

Inference: From the above table Entrapment efficiency was found to be more for the formulation F — 4 i.e. (70.56

%).
Percentage Buoyancy:

Table 6: Buoyancy percentage of different formulations

S.NO Formulation code Percentage buoyancy
1 F-1 81.66
2 F-2 83.33
3 F-3 85.1
4 F-4 86

Inference: From the above table the percentage buoyancy was found to be more for the formulation F -4.
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Table 7: Dissolution kinetics for formulation F-4.

Time(hrs) Absorbance Conc. (ng/ml) Cumulative % % drug Log% Log%
drug release un released unreleased
released

0.5 0.124 5.3 9.5 90.5 0.9777 1.9566
1 0.250 145 26.1 73.9 1.4166 1.8686
2 0.292 16.5 29.7 70.3 1.4727 1.8469
3 0.414 23 41.4 58.6 1.6170 1.7678
4 0.521 26.5 47.7 52.3 1.6785 1.7185
5 0.580 32 57.6 42.4 1.7604 1.6273
6 0.662 37.5 67.5 325 1.8293 1.5118
7 0.743 45 81 19 1.9084 1.2787
8 0.783 46 82.8 17.2 1.9180 1.2355
9 0.845 47 84.6 15.4 1.9273 1.1875
10 0.878 48.5 87.3 12.7 1.9410 1.1038

11 0.899 50 90 10 1.9542 1

Table 8: Cumulative % drug release for the formulation F -4

Time(hrs) % cumulative drug release
0 0
9.5
26.1
29.7
41.4
47.7
57.6
67.5
81
82.8
84.6
87.3
90

o
ol

OO|NOCBA|WIN(F-

=
—|o

F-4 DISSOLUTION PROFILE
100 -

%CDR

12

TIME({hrs)

Fig 4: Dissolution Profile of formulation F-4.
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S.NO F-1% CDR F-2 % CDR F-3% CDR F-4 % CDR
1 0 0 0 0
2 11.08 12.1 19.9 9.5
3 18 21.6 21.6 26.1
4 27 26.1 315 29.7
5 315 37.8 39.6 41.4
6 37.8 45 46.8 47.7
7 46.8 50.4 54 57.6
8 52.2 59.4 711 67.5
9 56.7 69.3 75.6 81
10 67.5 711 79.2 82.8
11 73.8 74.7 82.8 84.6
12 75.6 80.1 855 87.3
13 81 81 88.2 90

Comparative dissolution profile
100
&= ——F-1
< —\—F-2
=
F-3
. — -4
o] 2 4 6 8 10 12 14
time(hrs)

Fig 5: Comparative dissolution profile for formulation F1-F4.

Inference: From the above fig the dissolution profile for the formulation F-4 was found to be have the more
cumulative % drug release.

Dissolution — Application of Kinetics of F-4

Tablel0: Application of kinetics for dissolution profile of formulation F-4.

Log % dru Square .
S.NO TIME % CDR Log % CDR ungreleasedg rogt time Log time

1 0.5 9.5 0.9777 1.9566 0.7071 -0.301
2 1 26.1 1.4166 1.8686 1 0
3 2 29.7 1.4727 1.8469 1.414 0.3010
4 3 41.4 1.6170 1.7678 1.732 0.4771
5 4 47.7 1.6785 1.7185 2 0.602
6 5 57.6 1.7604 1.6273 2.236 0.6989
7 6 67.5 1.8293 1.5118 2.449 0.778
8 7 81.0 1.9084 1.2787 2.645 0.845
9 8 82.8 1.9180 1.2355 2.828 0.903
10 9 84.6 1.9273 1.1875 3 0.954
11 10 87.3 1.9410 1.1038 3.167 1
12 11 90 1.9542 1 3.316 1.041




IAJPS 2017, 4 (11), 4190-4199 Surendranath Betala et al ISSN 2349-7750

Zero Order Plot

60
50
40

y=4.056x+ 10.51
R?=0.957
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20
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Fig 6: Zero order plot for optimized formulation F-4

First Order Plot
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Fig 7: First Order Plot for optimized formulation F-4

Inference: From the above graphs the R?value is (0.977) and for zero order plot R? value is ( 0.957) which
indicating that the order of release was first order.

Higuchi’s Plot

100 -
[ g

80 -
g 60 |
) y=31.955x-11.242
33 40 - R?=0.9712

20

0 T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5
Time(hrs)

Fig 8: Higuchi’s plot for optimized formulation F-4
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Korsemeyer- Peppas Plot
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log% CDR
\

é 1 - y=0.6784x + 1.2907
R?=0.964
0.5 -
. . 0 . . . . 1
-0.4 -0.2 0 0.2 0.6 0.8 1 1.2
log time(hrs)

Fig 9: Korsemeyer -Peppas plot for optimized formulation F-4

Inference: As per the above plot Fig No. 17 and Fig No. 18. The R? value for Higuchi (0.974) and for Korsemeyer -
Peppas plot (0.964), showing that the mechanism of drug release from the formulation was found to be Diffusion

controlled release.

Stability studies:[27,28]

The accelerated stability study for the formulation at
40 +2° C and 75 + 5 % RH was conducted for the 3
months, which includes the testing of parameters like
identification of physical characters, identified by IR
studies, dissolution profile and assay throughout
period.

CONCLUSION:

The present study reported the development of
Metformin Hydrochloride (Anti diabetic drug) loaded
floating microspheres with polymers HPMC K100
M, sodium CMC. Sodium bicarbonate gas generating
agent along with calcium chloride as gelling agent
was essential to achieve In-vitro buoyancy. The drug
release from the floating microspheres was
sufficiently controlled. The floating microspheres
prepared were found to be spherical and free flowing.

Drug release kinetics performed for ideal
formulations, fitted best with zero order plot and
Korsemeyer-Peppas equation based on the highest “
R? ” value. The R? value of Korsemeyer-Peppas
equation indicated non-Fickian diffusion controlled
released. The selected formulations were subjected to
stability studies which indicated that the formulation
were stable and retained their pharmaceutical
properties at room temperature and 45 °C / 75 % RH
over a period of 3 month. Based on the results the
best formulation F4 can successfully be employed as
a controlled release floating drug delivery system.
The floating Microspheres can control the
fluctuations in the plasma drug concentration,

increase the gastric residence time and eventually
improve the bioavailability of the drug. Floating
Microspheres were prepared using lonotropic
gelation method. From the findings obtained, it was
concluded that:

= Compatibility studies revealed no interactions
between the drug and polymers used.

=  Formulated Microspheres gave satisfactory result
for various physic- chemical evaluations like
physical appearance, surface morphology,
entrapment efficiency, percentage drug loading,
percentage buoyancy and In-vitro drug release.

= The prepared beads showed required drug
release in about 12 hours as aimed for.

= From the research, it can be concluded that
Metformin Hydrochloride can be formulated as
Microspheres for the desired use in treatment of
Diabetes Mellitus.
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