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Abstract

The aim of the present study was to overcome the drug-related adverse effects like gastric irritation, and
improve its bioavailability in different gastrointestinal pH conditions. Total nine formulation batches (F1-
F9) were formulated using sodium alginate alone and combination with HPMC K100M, and Metolose SR
polymer as drug release modifiers in various proportions and investigated for physicochemical properties
and drug release potential. All investigated properties showed satisfactory results. Increase in the
concentration of sodium alginate and other polymer dispersions increased sphericity, size distribution, flow
properties and mean diameter of the Microspheres. The drug entrapment efficiency was obtained in the range
of 70.4% to 94.2%. Increase in the concentration of calcium chloride was significantly affects the mean
diameter but no appreciable change in morphology and drug release behaviour. In-vitro study proved
that drug release was slowly increased as the pH of the medium was increased. The drug release in batch
F1, F2 and F3 showed more faster release than F7,F8, F9 but optimum sustained release was observed
in the formulation F9 containing sodium alginate and HPMC K100M. The mechanism ofdrug release from
Microspheres was found to be following Case-Il transport. From the study it was concluded that controlled
release Cefadroxil Microspheres can be developed successfully by using ionotropic gelation technique.
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l. INTRODUCTION:

Sustained dug release systems, which achieves slow release of drug over an extended period of time.
In sustained release dosage forms, a sufficient amount of drug is initially made available to the body to cause a
desired pharmacological response. The remaining fraction is released periodically and is required to
maintain the maximum initial pharmacological activity for some desirable period of time expected from usual
single dose. A sustained release is facilitated through the consistent rejuvenation of drug molecules1.

Microencapsulation is a process by which solids, liquids or even gases may be enclosed in
microscopic particles formation of thin coatings of wall material around the substances. There are various
approaches in delivering a therapeutic substance to the target site in a sustained release fashion. One such
approach is using microspheres as carriers for drugs?. Microspheres can be defined as solid, approximately
spherical particles ranging in size from 1to1000um?® .They are made of polymeric, waxy or other protective
materials that are biodegradable synthetic polymers and modified natural products such as starches, gums,
proteins, fats and waxes. The natural polymers include albumin and gelatin, the synthetic polymer include
polylactic acid and polyglycolic acid*. The solvents used to dissolve the polymeric materials are chosen
according to the polymer and drug solubility and stability,process safety and economic considerations.
Microspheres are small and have large surface-volume ratio.At the lower end of their size range they have
colloidal properties.The interfacial properties of microspheres are extremely important, often indicating their
activity®.
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1. METERIALS:
Cefadroxile and HPMC K 100M was obtained from spectrum Lab Hyderabad, Sodium alginate, Metolose SR
was obtained from S.D.Fine Chem Ltd,Mumbai.
Preparation of Microspheres:
Microspheres of Cefadroxil were prepared by lonotropic gelation technique. In the present work four sets of
Microspheres were prepared by using sodium alginate alone in different concentrations and with different
concentrations of coating polymers like HPMC K100M, Metolose SR,andCalcium chloride as counter ion.

Preparation of Sodium alginate Microspheres:-

In the first set three batches of drug-loaded Microspheres were prepared (F1, F2,F3).A solution of
sodiumalginate (2-4%wi/v) was prepared in 100ml of deionized water. In 50ml of sodiumalginate
solution,weighed quantity of Cefadroxil sodium was dispersed uniformly. Bubble free dispersion was dropped
through as syringe in to 100ml aqueous calcium chloride solution and stirred at 100rpm. After stirring for
10minutes, the obtained spheres were separated by filtration washed with distilled water, and dried at 60°C for
6hrs in a hot air oven.

Preparation of Alginate Metolose SR Microspheres:-

In the second set of batches of drug-loaded Microspheres were prepared (F4,F5,F6) using sodium alginate and
Metolose as sustained release coating polymer. To 50 ml of deionized water, metolose sr (0.5 — 1% wi/v) were
added and stirred with the electric stirrer to form mucilage. Then sodium alginate (3%w/v) was added to form
uniform mucilage. Then finely weighed quantity Cefadroxil was added and homogenized for 5min.The
resulting dispersion was dropped through syringe in to 100ml of 5%wi/v aqueous calcium chloride solution and
stirred at 100rpm .After stirring for 10minutes the formed spheres were separated, and washed with distilled
water, and dried at 60°C for 6 hr.

Preparation of Alginate-HPMC K100M Microspheres:-

In the third set, three batches of Microspheres were prepared (F7,F8,F9) using sodium alginate and HPMC
K100M as a coating polymer.To50ml of aqueous sodium alginate solution, weighed quantity Cefadroxil was
dispersed uniformly. Bubble free dispersion was dropped through a syringe in to 100ml of HPMC K100M
solution containing5% w/v calcium chloride (HPMCK100M dissolvedinl0Oml of 5% w/v acetic acid),was
rotated at 100rpm. After stirring for 30minutes the coated spheres were separated by filtration, washed with
distilled water, and dried at 60°C for 6 hr.

Preparation of Alginate-Calcium chloride Microspheres:-

Formulations F7, F8, F9 were prepared by using sodium alginate and Calcium chloride as a polymers. These
Microspheres were prepared as described above same as alginate-CMC Microspheres.

1. EVALUATION OF MICROSPHERES:
Measurement of micromeritic properties of microspheres:
Granulometric Study:-
. Granulometric study was conducted to determine the particle size distribution pattern. For this study sieve
analysis was carried out on mechanical sieve shaker, using different meshes (#12, #16, #22, #30) of American
Society of Testing Materials (ASTM). Distribution of Microspheres is reported in table®

FlowProperty:-

The angle of repose of microspheres was determined by using fixed-base cone method to assess the
flowability. The fixed-base cone method, a funnel was secured with it tip at alcm height (H) above the graph
paper that was placed on a flat horizontal surface. Microspheres were carefully poured through the funnel until
the apex of the conical pile just touched the tip of the funnel. Measured the height and the radius of the base
with ruler.”

Bulk and Tapped Density:-

The bulk and tapped densities were measured in a 10ml graduated measuring cylinder.. The sample contained
in the measuring cylinder was tapped mechanically by means of constant velocity rotating cam with change in
its initial bulk density to a final tapped density when it has attained its most stable form. Each experiment was
carried out in triplicate. The bulk and tapped density can be determined?®

Surface morphological study:

The surface morphological details of the Microspheres were determined by using a scanning electron
microscope (SEM) model JSM, 35CF JEOL, Japan.

The samples were dried thoroughly in a vacuum desicator before mounting on brass specimen studies. The
samples were mounted on specimen using double sided adhesive tape, and gold-palladium alloy was coated on
the sample using spatter coating unit (Model E5100 Polaron, UK) in an argon ambient of 8-10 pascal with
plasma voltage about 2Kv and discharge current about 20mA. The sputtering was done for nearly 3minutes to
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obtain uniform coating on the samples to enable good quality of SEM images. The SEM was operated at low
accelerating voltage of aboutl5Kv with load current of about 80mA. The condenser lens position was
maintained between 4.4 — 5.1. The objective lens aperture has a diameter of 240 micron sand

the working distance WD = 39mm®.

Loose-Surface Crystal Study:

In this study accurately weighed 25mg of microspheres (#16) was suspended in the phosphate buffer pH 7.4
and was shaken vigorously for 5min. The drug leached out from the surface of the micropellets was
analyzed at 260nm wavelength spectrophotometrically.

Swelling Properties:

The swelling properties of prepared microspheres were determined in acidic buffer pH1.2.Thirty dried spheres
were placed in a beaker to which 200ml of buffer solution was added and then stirred with a magnetic stirrer at
50 rpm. After 1hr interval the swollen spheres were observed and measured under optical microscope. The
magnitude of swelling was presented by the ratio of the mean diameter of swollen spheres to the mean diameter
of the dried spheres before the test'?.

Drug Entrapment Efficiency (DEE):

Drug entrapment efficiency of microspheres was performed by accurately weighed 50mg of Microspheres were
suspended in 100ml of phosphate buffer pH 7.4. The resulting solution was kept for 24hours. Next day it was
stirred forl5 min and subjected for filtration. After suitable dilution, Cefadroxile content was determined by
using Shimadzu1201UV-visible spectrophotometer at 260 nm.*? The obtained absorbance was plotted on the
standard curve to get the exact concentration of the entrapped drug. Calculating this concentration with dilution
factor we get the percentage of actual drug encapsulated in Microspheres.

The drug entrapment efficiency was determined using following relationship:-

%DEE =  Actual drug content/theoretical drug contentx100

In-Vitro Dissolution Studies

The method is specified in USP for drug release study was followed:-

Apparatus:-USPXIII dissolution rate test apparatus employing the round bottom dissolution vessel and rotating
basket assembly.

Acid stage:- 900ml of simulated gastric fluid TS (acid buffer pH1.2 without enzymes).

Buffer stage:-900ml of pH6.8 and simulated intestinal fluid TS (phosphate buffer pH 7.4 without enzymes).*?
Kinetic Treatment:

The data obtained from the in-vitro dissolution studies subjected for kinetic treatment* to obtain the order of
release and best fit model for the formulations by using pcp-disso-V2 software.

Preparations of capsules:

Hard gelatin capsules were filled with microspheres equivalent to500mg of Cefadroxil and were evaluated for
in-vitro dissolution studies. The study was carried out in a USPXIII rotating basket apparatus. Dissolution fluid
consists of 900ml of simulated gastrointestinal fluid of increasing pH namely pH1.2(2hr), pH6.8 (1hr) and
pH7.4 (uptol0 hrs) maintained temperature at 37°C+ 0.5°C and the basket was rotated at a constant speed of
50rpm. Aliquots were withdrawn at predetermined periods of time and the same volume of fresh medium was
added immediately to the test medium. The withdrawal samples were filtered through 0.45um membrane filter.
The drug content was determined in the filtrate after appropriate dilution and analyzed at260nm
spectrophotometrically using Shimadzu 1201UV-visible spectrophotometer. Corresponding concentrations in
the samples were calculated from standard plot and calculated cumulative percentage of drug release from each
formulations.

IV.  Results:
EVALUATIONOF MICROSPHERES:

In the present work Cefadroxil Microspheres were prepared by ionotropic gelation technique using
sodium alginate and also with three different coating polymers. Total nine batches of microspheres (F1-F9)
were prepared and investigate the physico-chemical properties like granulometric study, flow
properties,particlesize,drug-entrapment efficiency,swelling properties, scanning electron microscopy, loose-
surface crystal study and in-vitro drug release behaviors.

Granulometric Study:

The size distribution of the Microspheres in different sieves were observed, that about 42.46% to
79.50% of microspheres were retained in #20 sieve,which proves the uniformity size of Microspheres. It
was observed that by decreasing the concentration of sodium alginate and CaCly solution spherical

microspheres. were not formed However increase in the concentration of sodium alginate and calcium chloride
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solution tend to make the particles more spherical and obtaining the uniform size spheres. On other hand with
increase in the concentration of coating polymers in the formulated microspheres of batch F1,F2,F3 (Sodium
alginate) F4,F5,F6 (MetoloseSr), F7,F8,F9 (HPMC K100M) it was observed that the distribution of the particle
size slightly shifts to the lower pore size due to increase in the physical behaviour of the microspheres.

Flow Property:

The flow property of the prepared formulations were determined by measuring the angle of
repose using fixed-base conemethod. All the formulations showed an acceptable range of angle of repose The
batches prepared with coating polymers such as Metolosesr (F4, F5, F6 and HPMC K100M (F7,F8,F9) showed
good flow ability compared with batches F1, F2F3. It indicates that the presence of the coating polymers will
also affects the flow property of Microspheres. Bulk and tapped density of the Microspheres also determined in
a 10ml measuring cylinder. All the formulations show good acceptable range and found to have higher pack
ability.

Particle Size:

Particle size of drug-loaded Microspheres was performed by optical microscopy.The size of the
spheres were obtained in the range 1 to1000pum.The mean diameter of the particles were found to decrease by
increasing in the concentration of calciumchloride solution and also increasing in the concentration of sodium
alginate by increase in the diameter of the particles.The mean diameter of the Microspheres were reported in
table

It has been stated that when adrop of alginat solution comes in contact with calcium ions, gelation

occurs instantaneously. AsCa 2 ions, penetrates in to interior of droplets, water is squeezed out of the interior
of droplets resulting in contraction ofthe spheres. Thus increase in concentration of calcium chloride solution
will significantly affect the contraction of the spheres leading to decrease in diameter.

On other hand at fixed concentration of sodium alginate and calcium chloride in the
formulation batches F4,F5,F6,F7,F8 and F9 (3%sodium alginate and5%calcium chloride) and increases in
the coating polymer concentration leading to increase in the diameter of formed Microspheres.

Scanning Electron Microscopy:

The physical parameters like shape and particle size were analyzed by scanning electronmicroscopes,
which were presented for determining the surface and size, in the photographslto 4. The SEM’s of the
formulation F2, F5, F7 and F9 showed that the spheres are having the size-range with in the standard limits.

The SEM of the Microspheresprepared from sodium alginate alone (F2 ) are spherical in shape,
exhibits uniformity and rough surface has a sandy appearance, however in case drugloaded sodium alginate
Microspheres containing coating polymers like MetoloseSr (F5), HPMC K100M(F9) appeared to be spherical,
although the surface was not smooth as sodium alginate Microspheres. This was due to coalescence and fusion
to the colloidal aqueous polymer dispersions in the alginate matrix. The average diameter of the particles
increases and decrease the porosity accounts for slow release of drug. From the photo micrographic
observation it can be stated that bridging and dense nature of the formulation From the photo micro graphic
observation it can be stated that bridging and densenature of the formulation batches F5andF7 were
significantly prolong the drug release compared with other formulation batches

V.  Conclusion:

The experimental result of the prepared cefdroxile microspher the results of the prepared cefadroxile
microsphers, the result sugegest that microspheres containing anti —biotic agent cefdroxile were successfully
formulated by an ionotropic gelation technique by using sodium alginate, HPMC K100 and metolose SR as
polymers and calcium chloride as cross linking agent to produce sustained release delivery system By increase
in the percentage of polymer concentration has significantly affected on the size of spheres and the optimum
release of cefadroxile from the microsphears which showed formulation F9 is 89.89 of drug released
respectively with in 12hrs.
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SEM PHOTO GRAPH CEFADROXIL

SEl  5kV WD12mm $S58
General Sample
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Dissolution Conditions:-

Volume of Dissolution Dilution factor  |pH Condition Time (h) SimulatedGlI
Media region
900ml 10 1.2 2 Stomach
900m!| 10 6.8 1 Duodenum
900m!| 10 7.4 7 Lowersmall intestine

Formulation Design Of Microspheres

Formula- tion Cefadroxil (mg) Sodium Calcium Metolosesr Hpmc k100m
Alginate (w/v) Chloride (w/v) (Wiv) (Wiv)
F1 500 0.5% 3%
I F2 500 1% 5%
F3 500 1.5% %
F4 500 0.25% 5% 0.25%
I 0.5%
F5 500 0.5% 5% 0.75%
F6 500 0.75%
F7 500 0.25% 5% 0.25%
1 0.5%
F8 500 0.5% 5%
0.75%
F9 500 0.75%

Micromeritic Properties ofDrug-loaded Microspheres

Batch Angle of Repose (°) Bulk Density Tapped Density Mean Diameter
No. (9/ml) (g/ml) (um)
F1 31°.25 0.487 0.696 823.16
F2 30°.15 0.698 0.757 795.26
F3 29°.20' 0.788 0.866 779.50
F4 27°.20' 0.739 0.808 863.17
F5 26°.30' 0.767 0.813 892.58
F6 26°.40' 0.728 0.833 970.60
F7 25°.60' 0.747 0.841 985.19

28°.15' 0.788 0.855 908.60
Eg 27°.80' 0.748 0.864 923.18

Standard Calibration Curve of CEFADROXIL

Absorbance at 260nm
Sl. No. Concentration
pH 1.2 pH 6.8 pH 7.4
(ug/mi)

1 2 0.025 0.031 0.052
2 4 0.047 0.061 0.113
3 6 0.074 0.090 0.163
4 8 0.097 0.117 0.220
5 10 0.121 0.147 0.284
6 12 0.143 0.177 0.335
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Drug Entrapment Efficiency of Microspheres

SI. No. Theoretical Drug ActualDrugContent Drug Entrapment
Content (%) (%) Efficiency (%)
F1 81.53 57 71.405
F2 80.52 62 76.256
F3 77.76 66 84.336
F4 73.74 66 91.916
F5 71.87 67 93.713
F6 80.69 72 88.934
F7 76.89 71 94.276
F8 7459 63 86.459
F9 78.76 69 88.091

Table: 5.6In-Vitro Release Data of Drug-loaded MicrospheresF1-F9

TIME(Hrs
) F1 F2 F3 F4 F5 F6 | F7 F$ F9
0 0 0 0 0 0 0 0 0 0
1] 2453| 2739 196 2539 2945 | 2366 | 1056 | 856 987
2| 49.13| 4531 3156 | 4689 3548 | 3582 | 1967 | 1135 | 1048
3| 6448 5768 3984 5785 5359 | 48.79 | 3241 | 2069 | 1578
1 7568 66.7 50.84 | 6668 6406 | 5884 | 3815 | 2856 | 2238
5| 88.89 773 63.74| 7359 7559 | 6958 | 5568 | 4689 | 3456
6| 99.13| 89.06 7485| 8658 8923 | 7448 | 7448 | 5789 | 4986
7 99.69 8862| 9789 8923 | 88.00 | 8525 | 6859 | 5304
8 99.78 9859 | 98.79 | 7489 | 65.68
9 8358 | 7756
10 9982 | 8517
11 9185
12 9889

FIGURE: 2 I.R. SPECTRA OF CEFADROXIL
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1 I.R. SPECTRA OF HPMC K100M
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FIGURE:2.2 |.R. SPECTRA OF METOLOSE SR
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IRSPECTRA OF CEFADROXIL OPTIMISED FORMULATION
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Figure2.6: Standard calibration curve of Absorbance,pH 1.2 of cefadroxil
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Figure2.7:standard calibration curve of Absorbance,pH 6.8 of CEFADROXIL
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standard calibration curve of CEFADROXIL
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Figure: Standard calibration curve of Absorbance,pH 7.4 of CEFADROXIL
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