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INTRODUCTION 

Novel drug delivery system delivers a therapeutic 

substance to the target site in a well-controlled and 

sustained model.
[1] 

Microspheres are characterized as 

spherical microparticulate and free-flowing powders 

consisting of biodegradable polymers mostly. They 

ideally have a particle size ranging from 1 μm to 1000 

μm. Microspheres can be loaded with drug and use for 

targeted drug delivering. As the drug is loaded in 

polymeric microspheres, it shows therapeutic action on 

targeted tissue only. Microspheres are designed to 

enhance the therapeutic effectiveness of the drug and 

achieve better bioavailability thereby minimizing the 

toxicity and minimal side effects.
[2]

 Microspheres can be 

targeted to the desired location by active or passive 

targeting strategies. Passive targeting is based upon the 

size and general surface properties of the microspheres 

such as degree of hydrophobicity, surface charge, and 

non-specific adhesion, which directs them towards the 

particular organ.
[3] 

Vancomycin, a tricyclic antibiotic, has 

been a key player in the antimicrobial war and is often 

used as the antibiotic of last resort in treating most 

resistant S. aureus infections. Vancomycin is highly 

water soluble and therefore lends itself to highly efficient 

encapsulation by albumin. Vancomycin has been 

combined with microspheres of tumor necrosis factor-α 

(TNF-α) to effectively protect rats from S. aureus 

induced peritonitis.
[4] 

In this present study formulation 

and evaluation of vancomycin prepared by using 

ionotropic gelation technique.  

MATERIALS  

Vancomycin was obtained from Hetero lab, HYD. 

Sodium alginate and Ethyl cellulose were procured from 

Synpharma Research Labs, Hyderabad, and other 

chemicals, and the reagents used were of analytical 

grade. 

 

METHODOLOGY 

FT-IR study 

FT-IR studies Chemical compatibility of Vancomycin 

with polymer were analyzed by FT-IR. Any changes in 

the chemical position or changes in functional groups 

characteristics peak of drug in IR spectra after combining 

with excipients were investigated.
[5] 
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Formulation table 

Table 1: Formulation development of Vancomycin microspheres. 

F. No Vancomycin (mg) Sodium alginate(mg) Ethyl cellulose(mg) CaCl2(%) 

F1 500 1000 - 2 

F2 500 900 - 2 

F3 500 800 - 2 

F4 500 700 - 2 

F5 500 - 1000 2 

F6 500 - 900 2 

F7 500 - 800 2 

F8 500 - 700 2 

 

Ionic gelation method  

Vancomycin microbeads were prepared by using blends 

of sodium alginate as the coat material by ionic gelation 

method. The sodium alginate mixture of different ratios 

were prepared. The drug Vancomycin [1gm] was added 

to this mixture and homogenized thoroughly with the 

help of magnetic stirrer to form a homogeneous 

dispersion. The homogenous dispersion was kept aside to 

remove the bubble. Now the bubble free dispersion was 

added drop wise manually with a 20ml syringe fitted 

with 22 gauge needle, 100 ml calcium chloride [CaCl2] 

solution kept under the stirring in a 250 ml beaker. The 

gel forming [gelation] time of 15 min was allowed to 

complete the reaction and produce spherical 

microspheres. The prepared beads was collected by 

decantation, washed with alcohol and dried at room 

temperature, and finally dried at < 40°C for 2 hrs.
[6] 

 

Evaluation of microspheres 

Particle size analysis 

The volume average particle diameter (Mean size) and 

size distribution of all Vancomycin loaded microspheres 

were analyzed by a laser diffraction particle size analyzer 

(Mastersizer 2000, Malvern, UK).
[7] 

 

Morphological characterization using SEM  

The surface morphology of the microspheres was 

recorded with JEOL Scanning Electron Microscope 

(Model: JSM 5200). The samples were mounted on an 

Aluminium stub by using a double-sided adhesive tape. 

Then it was placed in an ion coater unit (Model: IB-2, 

Hitachi, Tokyo, Japan) for gold coating (200A). During 

gold coating process the sample were exposed to vacuum 

of 10-50 mm. After wards, an 50 accelerating voltage of 

5 kV ws a applied and the image was photographed by 

Asia Pentex camera of 35 mm film.
[8] 

 

Drug Entrapment Efficiency 

Taken 100 mg of microspheres and the amount of drug 

entrapped was estimated by crushing the microspheres 

and extracting drug into 100 ml methanol. After 24 hr, 

the extract was transferred to a 100 ml volumetric flask 

and the volume was made up using methanol. The 

solution was filtered and the absorbance was measured 

after suitable dilution spectrophotometrically at 276 nm 

for Vancomycin respectively against methanol as a 

blank. Then practical drug content was calculated from 

respective calibration curves. Percent drug entrapment 

efficiency was calculated using the following equation.
[9] 

 

Drug entrapment efficiency (%) = Practical Drug content 

/Theoretical Drug content X 100  

 

Percentage Yield  

The relative yield was calculated based on the amount of 

microspheres of each formulation obtained relative to the 

amount of solid materials used in the dispersed phase. 

The percentage yield was calculated according to the 

following equation:
[10] 

Percentage Yield (%) = Actual weight of 

microspheres /Total weight of drug and polymer X 

100 

 

In-vitro drug release studies  

100 mg of microsphere were taken and filled in capsules 

and subjected for dissolution test in dissolution test 

apparatus using basket method. Dissolution media was 

900 ml of phosphate buffer pH 7.4 maintained at 37 ± 2C 

and rotated at 100 rpm. Sample were withdrawn at 

specified time intervals and replaced with the same 

volume of fresh medium, filtered and analyzed at 276 

nm.
[11] 

 

Kinetics of drug release studies
[12] 

The quantitative elucidation of the values obtained in the 

dissolution study is facilitated by the usage of a generic 

equation that mathematically translates the dissolution 

curve in function of some parameters related to the 

microspheres. For understanding the mechanism of drug 

release and release rate kinetics of the drug 45 from 

dosage form, the Invitro drug dissolution data of 

optimized formulations obtained was fitted to various 

mathematical models such as zero order, First order, 

Higuchi matrix and Korsmeyer-Peppas models.  

 

Zero order kinetics
[13] 

Drug dissolution from pharmaceutical dosage forms that 

do not disaggregate and release the drug slowly can be 

represented by the following equation: 

Q0 - Qt = K0t  

Arrangement of equation yields: Qt = Q0 + K0t  

Where Qt is the amount of drug dissolved in time t,  

Q0 is the initial amount of drug in the solution (most 

times, Q0 = 0)  



Laxmi et al.                                                                     European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 12, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal        │ 
 

 

122 

and K0 is the zero-order release constant expressed in 

units of concentration/time. 

 

To study the release kinetics, data obtained from in vitro 

drug release studies were plotted as cumulative amount 

of drug released versus time. 

 

First order Kinetics  

The equation for first order release is given below 

Log Qt = log Q0+ K1t/2.303 

Where Qt is the amount of drug released in time t,  

Q0 is the initial amount of drug in the solution  

and K1 is the first order release constant. 

 

A graph of the decimal logarithm of the released amount 

of drug versus time will be linear. Microspheres 

following this dissolution profile release the drug in a 

way that is proportional to the amount of drug remaining 

in its interior, in such way, that the amount of drug 

released by unit of time diminishes.  

 

Higuchi model  

Higuchi described drug release as a diffusion process 

based on the Fick's law, square root time dependent. The 

simplified Higuchi equation is represented as 

Qt=Kt ½  

Where Qt = amount of drug released in time t, 

K = Higuchi's constant  

A linear relationship between amount of drug released 

(Q0 versus square root of time (t½) is observed if the 

drug release from the microspheres is diffusion 

controlled.  

Korsmeyer-Peppas model 

This mathematical model, also known as the Power Law, 

has been used, very frequently; to describe the drug 

release from several different pharmaceutical modified 

release dosage forms. The Korsmeyer-Peppas model 

relates drug release exponentially to time. It is described 

by the following equation 

Mt/M∞ =atn  

 

Where „a‟ is a constant incorporating structural and 

geometric characteristics of microspheres, „n‟ is the 

release exponent, indicative of the drug release 

mechanism, and the function of „t‟ is Mt/ M∞ (fractional 

release of drug). 

 

Stability studies
[14] 

The external surface morphology and their internal cross 

section image of optimized batch of microspheres were 

obtained by scanning electron microscope (SEM, Philips 

XL20, Holland) under vacuum. The samples for SEM 

were prepared by mounting dried microspheres on a 

double adhesive tape stuck to an aluminium stub. 

 

RESULTS AND DISCUSSION 

Drug - excipient compatibility studies (FT-IR) 

The compatibility between the drug and the selected 

lipid and other excipients was evaluated using FTIR 

peak matching method. There was no appearance or 

disappearance of peaks in the drug-lipid mixture, which 

confirmed the absence of any chemical interaction 

between the drug, lipid and other chemicals. 

 

 
Fig. 1: FTIR Studies of Vancomycin. 
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Fig. 2: FTIR Studies of optimized formulation. 

 

Formulation and Evaluation of sustained release 

Microspheres of Vancomycin Optimization of 

formulation variables Therefore, the optimized 

conditions for the formulation of sustained release 

microspheres were: Results of the evaluation parameters 

of formulated sustained release microspheres. 

 

The prepared sustained release microspheres were 

evaluated for various parameters such as yield, drug 

entrapment efficiency, particle size, and in vitro drug 

release. And effect of preparation and process variables 

such as drug polymer ratio, speed, type of polymer and 

combination of polymers on particle size, yield, 

entrapment efficiency, and in-vitro release of from 

Vancomycin sustained microspheres were also studied. 

 

Characterization of microspheres by scanning electron 

microscopy (SEM) Figure A shows SEM photograph of 

discrete, spherical microspheres. SEM photographs also 

showed the presence of drug crystal on the surface of 

microspheres revealing that the microspheres were 

having some rough surface. The drug crystals on 

microspheres were may be due to the presence of un 

entrapped drug in dispersion medium. 

 

 
Fig-3: SEM photograph of optimized formulation. 
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Effect of formulation and process variables on Yield of sustained release microspheres, Particle size, Drug 

entrapment efficiency 

Table 8: Effect of drug polymer ratio on Yield of microspheres, Particle size, Drug entrapment efficiency. 

Formulation Code % Yield Particle size Drug Entrapment Efficiency 
F1 68.32±1.20 226±2.59 75.86±1.26 
F2 65.92±1.56 176±2.31 77.18±2.10 
F3 63.21±2.10 254±1.98 73.20±1.68 
F4 72.18±1.69 179±2.30 78.93±1.96 
F5 72.34±2.13 123±1.18 76.90±1.35 
F6 70.23±2.16 201±2.34 75.88±1.50 
F7 73.25±1.72 202±2.38 76.39±1.67 
F8 75.18±1.98 158±1.37 79.38±1.83 

 

Drug release studies 

Table 9: In vitro release data of film F1 to F8. 

Time (hrs.) F1 F2 F3 F4 F5 F6 F7 F8 
0 0 0 0 0 0 0 0 0 
1 15.23±1.70 15.15±2.10 14.96±2.13 16.10±2.36 17.14±2.12 15.20±2.16 18.30±2.16 19.21±2.13 
2 23.65±2.10 24.68±2.14 25.32±1.34 24.96±2.21 26.93±1.53 25.89±2.14 27.98±1.98 28.75±2.18 
3 33.95±1.54 35.79±1.60 35.38±1.14 36.39±1.39 36.38±1.60 36.87±2.13 38.36±1.36 39.52±2.56 
4 45.84±1.34 43.52±1.63 42.67±1.20 44.67±1.62 46.94±2.15 45.23±1.98 45.14±2.34 48.66±1.85 
5 69.75±1.69 67.45±2.02 66.98±1.25 68.21±2.13 61.35±2.16 68.35±1.67 66.33±1.58 69.85±1.75 
6 76.89±2.10 73.69±1.28 73.65±1.60 76.98±2.05 77.15±1.59 70.34±1.38 75.10±1.04 76.35±1.38 
7 86.41±1.35 82.36±1.26 83.52±1.17 81.25±2.18 83.90±1.43 86.77±1.47 87.82±2.05 88.95±1.60 
8 92.32±2.01 93.62±1.14 92.68±1.60 93.35±2.03 94.45±1.20 93.50±1.39 94.99±1.98 96.55±2.13 

 

 
Fig. 4: In vitro drug release of (F1- F4) formulation. 
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Fig. 5: In vitro drug release of (F5- F8) formulation. 

 

Drug release kinetics 

All the 8 formulation of Vancomycin microspheres 

prepared were subjected to in vitro release studies these 

studies were carried out using franz diffusion cell 

apparatus. 

 

The dissolution medium consisted of 10 ml of Standard 

buffer pH 7.4 period of time. 

 

The results obtaining in vitro release studies were 

plotted in different model of data treatment as follows 

Cumulative percent drug released vs. time (zero order 

rate kinetics) 

Log cumulative percent drug retained vs. time (First 

Order rate Kinetics) 

Cumulative percent drug released vs. square root of time 

(Higuchi‟s 

 

Classical Diffusion Equation) 

Log of cumulative % release Vs log time (Peppas 

Exponential Equation) 

 

 

 

 

 

 

 
Fig. 6: Zero order kinetics of optimized formulation. 
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Fig. 7: First order kinetics of optimized formulation. 

 

 
Fig. 8: Higuchi model of optimized formulation. 
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Fig. 9: Korsmayer peppas of optimized formulation. 

 

The values of in vitro release were attempted to fit 

into various mathematical models. Plots of zero 

order, first order, Higuchi matrix, Peppas were 

respectively. 

 

Regression values are higher with Zero order release 

kinetics. Therefore all the Vancomycin microspheres 

Zero order release kinetics. 

 

The table indicates that r
2 

values are higher for Higuchi‟s 

model compared for all the formulation. Hence 

Famotidine release from all the buccal films followed 

diffusion rate controlled mechanism. 

 

Stability studies 

There was no significant change in physical and 

chemical properties of the Microspheres optimized 

formulation after 90 days. Parameters quantified at 

various time intervals were shown; 

 

Table 12: Results of stability studies of optimized formulation. 

F. Code Parameters Initial 1
st
 Month 2

nd
 Month 3

rd
 Month Limits as per Specifications 

F-8 25
0
C/60%RH % Release 96.55±2.01 95.38±1.85 94.46±2.23 93.65±2.20 Not less than 85 % 

F-8 30
0
C/75% RH % Release 96.55±2.01 95.25±1.59 94.37±1.85 93.54±1.86 Not less than 85 % 

F-8 40
0
C/75% RH % Release 96.55±2.01 95.39±1.53 94.25±1.96 93.32±1.85 Not less than 85 % 

 

CONCLUSION 

Rationale of the present study was to prevent extensive 

metabolism of the drug and consequently to increase the 

oral bioavailability of the drug in the form of sustained 

release microspheres. Attempt has been made to prepare 

sustained release microspheres of Vancomycin, a highly 

water soluble drug. These microspheres are used to 

treatment of colitis. The microspheres were prepared by 

Ionotropic gelation technique method using natural and 

synthetic polymer as retarding polymers and evaluated 

for parameters like percentage yield, particle size, 

entrapment efficiency and the effect of preparation and 

process variables such as drug polymer ratio, speed, type 

of polymer and combination of polymers on evaluated 

parameters. Microspheres morphology was evaluated by 

SEM. The yield and entrapment efficiency was high for 

Sodium alginate microspheres were Particle size, 

entrapment efficiency and production yield were 

influenced by the type of polymer, polymer 

concentration, stirring speed and combination of 

polymers. In vitro diffusion of optimized formulations of 

various Polymer in pH 7.4 formulations are releasing the 

drug up to 8 hrs.  
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