
Vol 7 Issue 3, July- Sep 2018                                            www.mintagejournals.com                                                                                          11 

 

 

Research Article 

TO DESIGN MICROSPHERES OF THE ANTIBACTERIAL DRUG CEFACLOR AND 
OPTIMIZE ITS CHARACTERISTICS 

MANMOHAN SINGH JATAV*, RAJU CHOUKSE, RAKESH PATEL 

*School of Pharmacy, Dr. APJ Abdul Kalam University, Indore Bypass Road, Near Omaxe City-1, Indore district, Arandia, M.P. 
452016. Email: ravidon.singh50@gmail.com 

Received - 07.06.2018; Reviewed and accepted - 28.06.2018 

ABSTRACT 

Aim: This study aims to design microspheres of the antibacterial drug Cefaclor and optimize its characteristics to improve the bioavailability as well as to reduce its side 
effects. This utilizes statistical software for the optimization of microsphere formulations for the drug Cefaclor. Method: Thirteen formulation were prepared and being 
evaluated. Out of the thirteen formulations the formulation F2 was found to be optimum. Therefore, formulation F2 was selected as an optimized formulation and entrapment 
efficiency, drug release for this formulation was carried out, and the drug content was found to be optimum in accordance with the official monograph. Result: The evaluations 
parameter of the F2 formulation, i.e. entrapment efficiency, % drug release 83.5%, 71.1% respectively result concluded that all the parameter with in acceptant range. 
Release kinetic that in-vitro drug release curve fitted under Zero order release, first order release. Out of which the zero order model show R2 value 0.962-0.990 is highest as 
compared to another model. The drug release was mainly by zero order. 

Keywords: Microsphere, Optimization, Cesfaclor, Stability study.

INTRODUCTION

Microspheres are free-flowing solid particle made up of 
biodegradable and non-biodegradable material, ideally having a 
particle size in the micron range. Or they may be defined as 
“Monolithic sphere or therapeutic agent distributed throughout the 
matrix either as a molecular dispersion of particles.” Microsphere 
eases sustained drug release and also reduces or eliminates 
gastrointestinal tract irritation and used to alter the drug release. 
Drug absorption and side effects due to irritating drugs against the 
gastrointestinal mucosa is improved because microsphere is 
made up of small particle size less than 200 μm, which are widely 
distributed throughout the gastrointestinal tract. Moreover, the 
microspheres are of micron size so they can easily fit into various 
capillary beds which are also having micron size. These offer 
various advantages which include. 

Cefaclor is a second generation, semi-synthetic, broad spectrum, 
β -lactamase-stable antibiotic cephalosporin. Oral bioavailability of 
Cefaclor is 70-80%, and it has very short biological half-life 1-2 
hours. Cefaclor has higher absorption in the proximal region of the 
GI tract and poor absorption in the lower part of GIT. When a 
large amount of drug entered the colon causes antibiotic-
associated colitis. Because of this cefaclor is a suitable drug 
moiety for the gastro-retentive drug delivery system.Current 
research was planned to develop cefaclor loaded floating 
microspheres and evaluate the developed microspheres for in 
vitro and in vivo characteristics 

MATERIALS AND METHODS 

Table 1: Materials used for the formulation of the 
microsphere 

S.No. Item Name Company Name 

1 Chemicals:  
  Cefaclor pure drug Ranbaxy PVT. LTD 
  Ethyl Cellulose Loba Chem. 
  Liquid Paraffin Loba Chem. 
  Span 80 Loba Chem. 
2 Solvents:  
  N-hexane Loba Chem. 
  Dichloromethane (DCM) Loba Chem. 
  Acetonitrile Loba Chem. 
  Distilled Water  

FORMULATION AND OPTIMIZATION OF CEFACLOR LOADED 
MICROSPHERE 

The experiments were based on a 33 Box Behnken design 
consisting of three factors [Stirring speed, Polymer concentration 
(ethyl cellulose) and Temperature] at three levels (low (-), medium 
(0) and high (+)) as shown in table no 2 (a). The microspheres 
were fabricated using a solvent evaporation method. Ethyl 
cellulose was dissolved in a solvent mixture consisting of DCM: 
acetonitrile: water (3:3:3). A weighed quantity of drug Cefaclor 
was dissolved in ethyl cellulose blend. The primary emulsion 
obtained was then poured into 80 ml liquid paraffin-span 80 
solution maintained at a variable temperature and stirred for twoh 
at variable rpm. Finally, the suspension was filtered and washed 
with n-hexane for the hardening of microsphere used as such for 
further analysis. 

Experimental design 

From the preliminary trails in the present study, a 33 Box Benkhen 
design was constructed. The design was employed to study the 
effect of independent variable i.e.stirring speed, polymer 
concentration and temperature on dependent variables 
entrapment efficiency and particle size and drug release. The 
effect of independent variables was studied at three different 
levels as shown in table no 2. 

EVALUATION 

Drug entrapment efficiency 

For entrapment efficiency, accurately weighed amount of 
formulation taken along with 10 ml PBS 7.4 and kept for 24hr in a 
volumetric flask, filtered and analyzed by UV spectrophotometer 

at λmax. The drug concentration was determined from the 

regression equation. 

Particle size 

Particle size analysis of microsphere was carried out by optical 
microscopy and scanning electron microscope. About 100 
microspheres were selected randomly, and their size was 
determined using microscopically 
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Table 2: Codes for Cefaclor microspheres formulation. 

S.no Formulation 
code 

Stirring speed 
(rpm) 

Polymer 
concentration (mg) 

Temperature Dichloro 
methane(ml) 

Acetonitrile(ml) Distilled 
water(ml) 

1 F1 700.00 375.00 30.00 3 3 3 
2 F2 700.00 500.00 35.00 3 3 4 
3 F3 700.00 250.00 35.00 3 3 3 
4 F4 700.00 375.00 40.00 3 3 3 
5 F5 950.00 500.00 30.00 3 3 3 
6 F6 950.00 250.00 30.00 3 3 3 
7 F7 950.00 375.00 35.00 3 3 4 
8 F8 950.00 500.00 40.00 3 3 3 
9 F9 950.00 250.00 40.00 3 3 4 
10 F10 1200.00 375.00 30.00 3 3 3 
11 F11 1200.00 500.00 35.00 3 3 4 
12 F12 1200.00 250.00 35.00 3 3 3 
13 F13 1200.00 375.00 40.00 3 3 3 

. 

Morphological Evaluation 

The microsphere were further evaluated for shape, size, surface 
morphology and topological properties using scanning electron 
microscope (FEI Model no- NOVANANO-450) after gold 
sputtering at a pressure of 5.13E to 4 pascals and the 5KV 
voltage at 00C were maintained to get the photographs. 

Determination of Percentage yield of microspheres: The prepared 
microspheres were completely dried and then weighed. The 
percentage yield was calculated by [1-5] 

  ℎℎ100 
% Yield = 

      ℎ 

Determination of flow properties of microspheres: The prepared 
microspheres were evaluated for flow properties including bulk 
density, tapped density, Carr’s index, Hausner ratio and angle of 
repose. [6-9] 

Bulk density: It is the ratio of the total mass of microspheres to the 
bulk volume of microspheres. It was measured by pouring the 
weighed microspheres into a measuring cylinder, and the volume 
was noted. It is expressed in gm/ml and is given by 

Bulk Density= Mass of microspheres/Bulk volume of the 
microsphere 

Tapped density 

It is the ratio of the total mass of microspheres to the tapped 
volume of microspheres. The tapped volume was measured by 
tapping the microspheres to constant volume. It is expressed in 
gm/ml and is given by 

Tapped Density= Mass of microspheres/Trapped volume of 
the microsphere 

Carr’s Index 

It indicates the ease with which a material can be induced to flow. 
It is expressed in percentage and is given by 

Carr’s Index= Tapped density- Bulk Density x100/ Tapped 
density 

Hausner Ratio 

It is an indirect index of ease of flow of microspheres. It is 
measured by 

Hausner ratio= Tapped density/bulk density 

The angle of Repose (θ ) 

The friction forces in a loose powder can be measured by the 
angle of repose (θ ). It is defined as maximum angle possible 
between the surface of the pile of powder and the horizontal 
plane. 

The microspheres were allowed to flow through a funnel fixed to a 
stand at a definite height. The angle of repose was then 

calculated by measuring the height and radius of the heap of 
microspheres formed. It is measured by 

θ  = tan -1Height/Radius 

Percentage Drug Entrapment efficiency 

To calculate the % drug entrapment efficiency accurately weighed 
quantity of microspheres (50 mg) were taken along with 50 ml of 
phosphate buffer pH 7.4 in a volumetric flask, sonicated and kept 
for 24 hours. It was then filtered, suitably diluted and then 
analyzed by UV spectrophotometry at 216 nm. 

% Entrapment Efficiency = Theoretical Entrapment x 100 
                                                     Practical Entrapment 

In vitro release studies of microspheres 

In-vitro release of microspheres was carried out using the 
diffusion apparatus at 37 ± 0.50C in 150 ml of phosphate buffer pH 
7.4. 50 mg formulated microspheres were placed in the apparatus 
and rpm was set at 100 rpm. A sample of 5 ml was withdrawn at 
various time intervals and replaced with an equal amount of 
medium to maintain the sink condition. The withdrawn samples 
were analyzed by UV spectrophotometer at 264 nm using 
phosphate buffer 7.4 as a blank solution [10-15]. 

Effect of different formulation variables on various evaluation 
parameters 

The influences of different formulation variables on various 
evaluation parameters were studied. The effects of polymer 
concentration (Ethyl cellulose 250-500 mg), temperature and 
altered stirring speed of mechanical stirrer (700, 900, 1200 rpm) 
on microspheres characteristics (percentage yield, drug 
entrapment efficiency, particle size and cumulative drug release) 
were studied. 

Antibacterial Study: Firstly, the agar plate was prepared taking 
nutrient agar as the source in Petri dish. The pure culture was 
then added to it and incubated for three days at a temperature of 
37±0.5oC. Well was constructed and the formulations in the form 
of suspensions were added to it, and again allowed for incubation 
at the optimum requirements of temperature and pressure. The 
selected micro-organisms were E. coli and S. aureus. The zone of 
inhabitation was measured after the incubation period. 

Physical Stability of microsphere Samples 

The physical stability parameters like appearance, color of 
resulting microsphere were studied under different storage 
condition. The physical stability includes appearances, the color of 
resulting microsphere under different storage conditions. The 
sample shows a change in certain parameter after the storage 
condition of one month under different storage condition. 

Release Kinetic Models  

To analyse the mechanism for the drug release and drug release 
rate kinetics of the dosage form, the data obtained was fitted in to 
Zero order, First order, Higuchi matrix, Krosmeyers-Peppas and 
Hixson Crowell model. In this by comparing the R-values 
obtained, the best-fit model was selected. 
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RESULTS AND DISCUSSION 

Preformulation Studies 

Determination of λ max by UV spectroscopy 

λ max of Cefaclor was found to be 264 nm when scanned 
between 400-200 nm using UV-Vis spectrophotometer. 

 

Fig.1: Absorption maxima of the drug Cefaclor 

HPLC 

The HPLC of Cefaclor was performed with a suitable mobile 
phase consisting of potassium dihydrogen phosphate (buffer): 
Methanol (solvent) in a ratio of 80:20 and adjusted to pH 2.30 
suitably. The flow rate was settled at 1.00 ml/min and the internal 
standard used was caffeine. The chromatogram was obtained 
with the retention time of 7.59 min of cefaclor. 

 

Fig.2: Chromatogram of the drug with standard internal 
caffeine 

Calibration Curves in different solvents 

a. Calibration curve in 0.1N HCl 

The absorbance of standard solutions was measured at 264 nm 

Table 3: Calibration curve of Cefaclor in 0.1N HCl at 264 nm. 

S.No. Concentration(µg/ml) Absorbance(nm) 

1 0 0 
2 5 0.125 
3 10 0.213 
4 15 0.312 
5 20 0.414 
6 25 0.515 
7 30 0.621 
8 35 0.754 
9 40 0.914 

  
Fig. 3: Calibration curve of Cefaclor in 0.1N HCl at λ max 

264nm 

b. Calibration curve in Phosphate buffer 7.4 

The absorbance of standard solutions was measured at λ max of 
264nm. 

Table 4: Calibration curve of Cefaclor in Phosphate buffer 7.4 
at λ max of 264nm 

S.No. Concentration(µg/ml)  Absorbance(nm) 

1 0 0 
2 5 0.178 
3 10 0.262 
4 15 0.371 
5 20 0.48 
6 25 0.597 
7 30 0.732 
8 35 0.818 
9 40 0.966 

 

Fig. 4: Calibration curve of Cefaclor Phosphate buffer 7.4 at 
λ max 264nm 

Calibration of Cefaclor was prepared in phosphate buffer by 
making suitable dilutions and was found to be linear. Thus it 
follows Lambert-Beers law and the R2 value was found to be 
0.994. 

c. Calibration curve in Phosphate buffer 4 

The absorbance of standard solutions was measured at λ max of 
264nm. 

Table 5: Calibration curve of cefaclor in phosphate buffer 
four at λ max of 264nm 

S.No. Concentration(µg/ml) Absorbance(nm) 

1. 0 0 
2. 5 0.124 
3. 10 0.226 
4. 15 0.341 
5. 20 0.43 
6. 25 0.559 
7. 30 0.662 
8. 35 0.75 
9. 40 0.904 
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Fig. 5: Calibration curve of Cefaclor in phosphate buffer four 
at λ max 264nm 

Calibration of Cefaclor was prepared in Phosphate buffer 4 by 
making suitable dilutions and was found to be linear. Thus it 
follows Lambert-Beers law and the R2 value was found to be 
0.998. 

Melting point determination 

The Melting point of Cefaclor was determined using the open 
capillary method and was found to be 327.3 ± 0.67 0C 

Table 6: Melting point determination 

S. No. Melting Point Average* 

1 328  
2 327 327.3±0.67 ºC 
3 327  

Melting point in ºC, Values are expressed in Mean ± SD, n=3 

Solubility determination 

Table 7: Solubility of Cefaclor in various solvents 

S.No. Components Solubility(mg/ml) 

1. Distilled Water Freely soluble 
2. Phosphate buffer pH-4 Soluble 
3. Phosphate buffer pH-1.2 Soluble 
4. Phosphate buffer pH-7.4 Freely Soluble 

The order of solubility of Cefaclor the above 4 solvents were 
found to be Distilled water> Phosphate buffer pH-7.4> Phosphate 
buffer pH-4> Phosphate buffer pH-1.2. 

Fourier Transform Infrared Studies (FTIR) 

FTIR spectrum of pure drugs and combination with the excipients 
were shown in Fig.s. There is no considerable change in drug 
characterization peaks and the results obtained with drug – 
excipients showed good compatibility. 

Drug-Polymer Compatibility of drug polymer concentration (Drug: 
Ethyl cellulose) and their interpretations. 

a. IR spectra of pure drug 

. 

Fig.  6: IR spectra of pure drug 

 

b. IR spectra of drug: Polymer (100:250) physical blend 

 

Fig. 7: IR spectra of drug:polymer (100:250) physical blend 

c. IR spectra of drug:polymer (100:500) physical blend 

 

Fig. 8: IR spectra of drug: polymer (100:500) physical blend 

Determination of percentage yield of microspheres 

Table 8: Percentage yield (%) of microspheres 

S.no Formulation code % Yield 

1 F1 74.10% 
2 F2 88.13% 
3 F3 61.40% 
4 F4 57.60% 
5 F5 86.60% 
6 F6 96.60% 
7 F7 79.20% 
8 F8 82.40% 
9 F9 72.40% 
10 F10 87.40% 
11 F11 85.30% 
12 F12 68.40% 
13 F13 66.70% 

 

Fig.  9: Percentage yield (%) of microspheres 

The percentage yields for all formulations were determined. 
The values varied from 57.60% to 96.60% 

Determination of flow properties of microspheres  

 



Manmohan et al                      Mintage journal of Pharmaceutical & Medical Sciences│11-22 

 

Vol 7 Issue 3, July- Sep 2018        www.mintagejournals.com                                                                     15 

Table 9: Flow properties of cefaclor microspheres 

Formulation 
Codes 

Bulk 
Density 
(gm/cm3) 

Tapped 
Density 
(gm/cm3) 

Carr’s 
Index 

Hausner 
Ratio 

Angle of 
Repose (θ ) 

F1 0.66 0.76 13.15 1.15 20.21±0.56 
F2 0.67 0.78 14.10 1.16 22.47±0.12 
F3 0.66 0.77 14.28 1.16 19.63±0.23 
F4 0.64 0.73 12.32 1.14 21.06±0.12 
F5 0.65 0.73 10.95 1.07 20.13±0.67 
F6 0.67 0.76 11.84 1.13 16.69±0.11 
F7 0.68 0.79 13.92 1.13 20.51±0.09 
F8 0.66 0.75 12.00 1.15 21.13±0.84 
F9 0.66 0.76 13.15 1.15 18.30±0.42 
F10 0.66 0.76 13.15 1.15 17.26±0.28 
F11 0.65 0.75 13.33 1.15 18.14±0.34 
F12 0.67 0.77 12.98 1.14 16.49±0.63 
F13 0.64 0.75 14.66 1.17 18.33±0.47 

Table 10: % Entrapment efficiency of microspheres 

S.no. Formulation code %Entrapment efficiency 

1 F1 67.1 
2 F2 83.5 
3 F3 68.2 
4 F4 62.3 
5 F5 58.4 
6 F6 61.2 
7 F7 58.3 
8 F8 52.4 
9 F9 65.2 
10 F10 63.1 
11 F11 74.5 
12 F12 47.2 
13 F13 58.4 

 

Fig.10: Percentage entrapment efficiency of microspheres 

The EE was calculated and % EE of each formulation was shown 
in the table no 11 F2 formulation has the highest EE of 83.5%. 

Particle size analysis 

Table 11:Size distributions of microspheres for different 
formulations 

FC 0-
5 

6-
10 

11-
15 

16-
20 

21-
25 

26-
30 

31-
40 

41-
50 

F1 1 28 15 6 11 21 15 3 
F2 6 18 25 19 8 7 10 5 
F3 2 15 21 18 12 8 7 6 
F4 0 8 26 19 10 14 12 9 
F5 0 7 30 21 22 16 4 0 
F6 0 18 36 15 13 17 1 0 
F7 0 9 21 21 18 22 5 3 
F8 0 11 20 15 25 16 12 1 
F9 6 22 31 24 8 7 1 0 
F10 0 6 29 15 17 16 6 8 
F11 0 5 22 24 18 18 8 5 
F12 0 19 26 17 7 15 16 0 
F13 0 3 15 11 21 27 10 8 

 

 

Zeta sizer 

 

Fig. 11: Size distribution analysis using zeta sizer 

Surface morphology 

The morphology of the formulations prepared by emulsification 
solvent evaporation method was investigated by SEM. It was 
observed by SEM analysis that the formulations are uniformly 
spherical. The spongy and porous nature of the formulations can 
be seen in the Fig.. 

 

Fig. 12: Scanning electron microscopy (SEM) of formulations 

 

Fig. 13: Scanning electron microscopy (SEM) of formulations 
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Fig. 14: scanning electron microscopy (SEM) of formulations 

Effect of different formulation variables on various evaluation 
parameters 

a. Effect of polymer on different factors 

Table 12: Effect of polymer on different factors 

FC Polymer 
Concentration 
(mg) 

Entrapment 
Efficiency 
(%) 

Drug 
Release 
(%) 

Particle 
size(mm) 

F1 375 67.1 60.2 8 
F2 500 83.5 71.1 8 
F3 250 68.2 70.3 23 
F4 375 62.3 56.2 28 
F5 500 58.4 42.2 8 
F6 250 61.2 54.3 18 
F7 375 58.3 62.7 23 
F8 500 52.4 48.2 28 
F9 250 65.2 53.6 13 
F10 375 63.1 64.4 13 
F11 500 74.5 67.5 28 
F12 250 47.2 56.1 8 
F13 375 58.4 62.5 23 

 

Fig.15: Effect of polymer concentration on % entrapment 
efficiency 

 

Fig.16: Effect of polymer concentration on % drug release 

 

Fig. 17: Effect of polymer concentration on particle size 

The effect of on drug release, entrapment efficiency, particle size 
varies with varying in polymer concentration. 

b. Effect of stirring speed on different factors 

 

Fig. 18: Effect of stirring speed on % drug release 

 

Fig. 19: Effect of stirring speed on particle size 

The effect of on drug release, entrapment efficiency, particle 
size varies with varying in Stirring speed. 

C. Effect of temperature on different factors 

Table13: Effect of temperature on various parameters 

FC Temperature(oC) %Entrapment 
efficiency 

%Drug 
release 

Particle 
size(mm) 

F1 30 67.1 60.2 8 
F2 35 83.5 71.1 8 
F3 35 68.2 70.3 23 
F4 40 62.3 56.2 28 
F5 30 58.4 42.2 8 
F6 30 61.2 54.3 18 
F7 35 58.3 62.7 23 
F8 40 52.4 48.2 28 
F9 40 65.2 53.6 13 
F10 30 63.1 64.4 13 
F11 35 74.5 67.5 28 
F12 35 47.2 56.1 8 
F13 40 58.4 62.5 23 
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Fig.20: Effect of temperature on %entrapment efficiency 

 

Fig. 21: Effect of temperature on % drug release 

 

Fig. 22: Effect of temperature on particle size 

The effect of on drug release, entrapment efficiency, particle size 
varies with varying in temperature. 

In Vitro Dissolution Studies of Cefaclor from microspheres 

Table 14: % Cumulative drug release of F1, F2, F3, F4 

S.No. Time(min.) %CDR 
  F1 F2 F3 F4 

1 0 0 0 0 0 
2 10 4.23 26.4 6.42 4.23 
3 20 10.5 34.8 11.3 10.2 
4 30 16.9 44.5 15.6 12.03 
5 60 23.9 49.8 18.5 13.55 
6 90 38.4 51.4 20.4 18 
7 120 40.1 53.7 25.4 20.33 
8 150 44.2 57.6 28.6 21.6 
9 180 47.6 59.4 32.4 28.6 
10 210 49.8 61.2 36.8 34.7 
11 240 52.4 62.3 39.4 37.1 
12 270 56.5 65.4 46.5 41.2 
13 300 58.2 71.5 49.2 46.5 
14 330 59.4 72.1 52.1 48.7 
15 360 61.2 74.3 54.3 54.2 
16 390 63.7 76.4 57.6 56.3 
17 420 64.8 81.6 61.5 59.4 
18 450 65.2 82.3 66.4 61.4 
19 480 67.1 83.5 68.2 62.3 

 

Fig. 23: % Cumulative drug release of F1, F2, F3, F4 

Table 15: Percent Cumulative drug release of F5, F6, F7, F8 

S. No. Time(min.) %CDR 
  F5 F6 F7 F8 

1 0 0 0 0 0 
2 10 3.2 5.3 4.1 3.4 
3 20 7.8 8.4 6.8 7 
4 30 15.23 11.4 9.4 11.9 
5 60 18.4 13.5 12.4 13.4 
6 90 22.3 17.6 14.9 15.3 
7 120 25.6 21.9 17.4 18.2 
8 150 28.4 26.4 23.4 21.4 
9 180 31.6 29.7 26.9 23.3 
10 210 35.1 32.1 29.4 25.1 
11 240 36.8 36.4 32.5 28.9 
12 270 39.4 40.1 34.5 30.4 
13 300 43.1 47.1 38.6 33.8 
14 330 46.4 49.3 42.1 37.1 
15 360 52.4 55.9 45.6 41.3 
16 390 53.7 58.4 49.7 43.7 
17 420 55.9 60.7 53.1 47.8 
18 450 56.7 61 56.4 50.9 
19 480 58.4 61.2 58.3 52.4 

 

Fig. 24: % Cumulative drug release of F5, F6, F7, F8 

Table 16: % Cumulative drug release of F9,F10,F11,F12,F13 

S.No. Time(min.)   %CDR  
  F9 F10 F11 F12 

1 0 0 0 0 0 
2 10 5.9 5.1 8.6 2.9 
3 20 8.2 7.9 11.2 4.8 
4 30 12.6 11.2 14.6 5.4 
5 60 15.4 13.4 18.7 7.1 
6 90 18 17.9 20.9 8.7 
7 120 21.3 20.1 22.3 12.5 
8 150 25.4 25.6 24.1 18.4 
9 180 29.4 28.6 27.4 22.4 
10 210 31.4 32.7 29.4 26.7 
11 240 34.9 33.1 32.5 28.4 
12 270 38.2 38 39.4 30.1 
13 300 41.3 40.6 44.1 32.4 
14 330 47.8 45.3 49.4 33.8 
15 360 51.9 49.7 56.7 36.2 
16 390 55 53.9 62.1 39.7 
17 420 58.1 57.1 68.4 40.1 
18 450 62.4 61.4 72.2 42.4 
19 480 65.2 63.1 74.5 47.2 
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Fig. 25: % Cumulative drug release of F9,F10,F11,F12,F13 

Kinetic modeling of drug release 

Table 17: Kinetics of drug release 

Formulation 
Code 

Zero Order First Order Higuchi 

 R2 Slope R2 Slope R2 Slope 

F1 0.902 3.696 0.966 -0.027 0.936 26.08 
F2 0.864 3.499 0.969 -0.037 0.953 26.96 
F3 0.996 3.714 0.982 -0.026 0.971 27.77 
F4 0.991 3.649 0.980 -0.028 0.967 26.07 
F5 0.984 3.275 0.980 -0.021 0.914 23.41 
F6 0.990 3.671 0.979 -0.017 0.949 26.40 
F7 0.997 3.289 0.970 -0.024 0.942 30.73 
F8 0.995 2.851 0.973 -0.017 0.959 29.42 
F9 0.997 3.570 0.970 -0.024 0.971 29.22 
F10 0.997 3.510 0.973 -0.023 0.954 29.25 
F11 0.962 3.657 0.902 -0.030 0.952 24.37 
F12 0.969 2.397 0.984 -0.015 0.960 29.90 
F13 0.992 3.175 0.987 -0.020 0.988 30.94 

a. Hixson Crowell plots 

 

Fig. 26: Hixson Crowell plots of F1, F2, F3, F4 

 

Fig. 27: Hixson Crowell plots of F5, F6, F7, F8 

 

Fig.  28: Hixson Crowell plots of F9, F10, F11, F12, F13 

Mixed kinetics of drug release was obtained when mathematical 
models were applied to the data obtained from the in-vitro 
dissolution of the three formulations exhibited zero-order 
kinetics(F1, F2, F3 ) while other formulations exhibited first order 
release kinetics. This may be due to the increase in the size of the 
microsphere produced and leading to zero order kinetics and 
excessive compact nature of the formulation regarding the 
release. The rest of the formulation exhibited first order release as 
expected because of the water-soluble nature of the drug. 

b. Higuchi Plots of formulations 

 

Fig. 29: Higuchi plot of F1, F2, F3, F4 

 

Fig. 30: Higuchi plot of F5, F6, F7, F8 

 

Fig. 31: Higuchi plot of F9, F10, F11, F12, F13 
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c. First order kinetics Plots 

 

Fig.  32: First order kinetics Plots of F1, F2, F3, F4 

 

Fig. 33: First order kinetics plots of F5, F6, F7, F8 

 

Fig. 34: First order kinetics plots of F9, F10, F11, F12, F13 

d. Korsmeyer plots 

 

Fig. 35: Korsmeyer plot of F1, F2, F3, F4 

 

Fig. 36: Korsmeyer plot of F5,F6, F7, F8 

 

Fig.  37: Korsmeyer plot of F9, F10, F11, F12, F13 

Ethyl cellulose was used as the polymer for the formulation of 
microsphere for the drug of Cefaclor which is semipermeable in 
nature, and this may have resulted in diffusion controlled release 
of drug from the microsphere as evident from the R2 values of 
higuchi kinetics which are in the range 0.914 to 0.988 

Optimization of Formulations 

The Box- Behnken method is used to optimize the main effect, 
interaction effect and quadratic effect. 

To study the effects, i.e.- about the combination of factors which 
should be included in the analysis, all the effects are selected. 
The risk level was optimised and the ANOVA data obtained. 

The results show that the effects are non-significant and the effect 
of stirring speed and temperature are main factors that will affect 
the entrapment efficiency from the formulations as exhibited by 
the F-values of less than 0.05. No significant model terms are 
present. 

 

Fig. 38 : Optimized graph between particle size, %entrapment 
efficiency, %drug release 

 

Fig. 39: Optimized graph between particle size, %entrapment 
efficiency, % drug release 

The result shows that the effect are non-significant and the effect 
of polymer concentration and stirring speed are main factors that 
will effect the particle size from the formulations as exhibited but 
the F-values of less than 0.0500 



Manmohan et al                      Mintage journal of Pharmaceutical & Medical Sciences│11-22 

 

Vol 7 Issue 3, July- Sep 2018        www.mintagejournals.com                                                                     20 

 

Fig. 40: Optimized graph between particle size, %entrapment 
efficiency, %drug release 

The result shows that the effect is non significant and the effect of 
temperature and stirring speed are main factors that will effect the 
drug release from the formulations as exhibited but the F-values 
of less than 0.0500. 

 

Fig. 41: Optimized graph between particle size, %entrapment 
efficiency, %drug release 

The result shows that the effect are non-significant and the effect 
of temperature and polymer concentration are main factors that 
will affect the entrapment efficiency from the formulations as 
exhibited but the F-values of less than 0.0500. 

 

Fig. 42: Optimized graph between particle size, %entrapment 
efficiency, %drug release. 

The result shows that the effect is non-significant and the effect of 
particle size and polymer concentration are main factors that will 
affect the particle size from the formulations as exhibited but the 
F-values of less than 0.0500 

 

Fig. 43: Optimized graph between particle size, %entrapment 
efficiency, %drug release 

Antimicrobial study 

The antimicrobial analysis was done using the agar well diffusion 
method and MIC value determined. The MIS value of the 
optimized formulation was found to be equivalent to the marketed 
formulation 

Table 18: Antimicrobial activity (zone of inhibition) 

S. No Name of Bacteria The diameter of Zone of Inhibition in (mm) 
Formulation concentration (µg/ml) Standard Control 

F2 F5 F17 Cefaclor (S1) Marketed Preparation (S2) Sodium  CMC 
1 S. aureus 18 mm 21.2 mm 22.9 mm 24.6mm 22.5mm No activity 
2 E. Coli 13 mm 14.3 mm 15.1 mm 17.3mm 16.4mm No activity 

Stability study 

The physical Stability, including appearance, color, and pH of the 
resulting formulation was studied under various conditions. 
Formulation showed no change in colour or appearance during 
under all storage conditions for the duration 15days. 

Table 19: Physical stability of Cefaclor 

Formulati
on code 

Tim
e 

Colour   Clarity   

    RT 40ºC RT 40ºC 

F2 
15 
day
s 

Yellowis
h 

Yellowis
h 

Yellowis
h 

Yellowis
h 

    White White White White 

CONCLUSION 

The aim of the present study is to design microspheres of 
Cefaclor and optimize their characteristics to improve the 
bioavailability as well as potentially to reduce its side effects. 

To enhance bioavailability and permeability of Cefaclor loaded 
microspheres. 

Cefaclor is marketed in the form of conventional tablet and 
suspension only, but both oral dosage forms have high solubility 
and dissolution profile, i.e., approx. 55%. Thus there remains a 
need and opportunity for an improved oral Cefaclor 

formulation ,i.e., microspheres that deliver the drug in both 
solubilize form and in a predictable manner which is independent 
of pH in GIT; that also reduces intra and inter-subject variability. In 
general, the microspheres have better in vitro dissolution rate as 
compared to other water-soluble drugs and existing dosage 
forms, therefore, can significantly enhance the solubility and thus 
the bioavailability of Cefaclor; due to which we can reduce the 
amount of drug. Usually, Cefaclor is micronized to obtain better 
dissolution profile. 

A preformulation study of Cefaclor drug was performed. The result 
revealed are as follows:- 

Cefaclor drug was found to be white to off-white in color, 
amorphous in nature, almost odorless with slightly bitter taste. 

The solubility studies were performed,and it was found to be 
slightly soluble in 0.1 N HCl; very slightly soluble in phosphate 
buffer pH 4; freely soluble in water, phosphate buffer pH 7.4. 

Melting point test was carried out by employing the capillary 
method and using melting point test apparatus, and the melting 
point was found to be in a range 327.30C. 

FTIR a spectroscopy study was carried out with help Elmer FTIR 
spectrometer modified version 10.01.00’ and the sample spectra 
were compared with standard spectra, and it showed no 
compatibility issues. Identification and authentication of drug 
sample were done by high-performance liquid chromatography, 
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and it was scanned at YL9120 UV Detector A at 265 nm,and it 
was according to the official monograph,and that data obtained to 
comply with the parameter peak height and retention time. 

Identification and authentication of drug sample were done by 
ultraviolet spectroscopy, and it was scanned in the range of 200- 
400 nm. Drug absorption maximum λ max was found to be 264 
nm. Absorption maximum showed that drug sample was 
authentication. 

The calibration curve of Cefaclor was prepared in various solvent 
and buffers,and it was determined in methanol and buffer pH 4, 
7.4 and 0.1N HCl the respective regression coefficient was found 
to be 0.998, 0.996, 0.993. 

The preformulation study was carried out with a vision to 
determine the authenticity and purity of the drug sample. The 
physical characterization, melting point, FT-IR and HPLC studies 
were performed for the identification of drug solubility analysis of 
drug was done in different solvents. Quantitative estimation of the 
drug was carried out by standard calibration curve preparation in 
different solvents. Bypreformulation studies physical 
characterization, solubility studies, melting point, partition 
coefficient, FT-IR study and HPLC; it was concluded that the drug 
sample was found to be pure and authentic and there was no 
variation found in drug sample. The drug found to be suitable for 
further preparation of microsphere and evaluations studies. 

But both the drug as well as the finished product should be kept at 
temperature ˂  300C to achieve better shelf life and maintain its 
potency for a longerperiod. 

Angle of repose, bulk density, tapped density, Carr's index, 
Hausner's ratio and drug content was calculated and were found 
to be in the range of 16.69-22.47o, 0.64-0.68 gm/cm3, 10.95 - 
14.66gm/cm3, 37.55%, 1.07-1.17 and entrapment efficiency was 
83.5% respectively, from the evaluations studies of the Cefaclor 
microspheres. 

Out of the thirteen formulations F1-F13 based on the parameter, 
the formulation F2 was found to be optimum. Therefore, 
formulation F2 was selected as an optimized formulation and 
entrapment efficiency, drug release for this formulation was 
carried out, and the drug content was found to be optimum in 
accordance with the official monograph. 

The evaluations parameter of the F2 formulation,i.e., entrapment 
efficiency, % drug release 83.5%, 71.1% respectively results 
concluded that all the parameter with in acceptant range. 

Release kinetic that in-vitro drug release curve fitted under Zero 
order release, first order release. Out of which the zero order 
model show R2 value 0.962-0.990 is highest as compared to 
another model. The drug release was mainly by zero order. 

Stability study was carried out at 400C and the room temperature 
for the optimized formulation for one month there were slightly 
acceptable changes observed in physical and chemical 
parameters. The result was concluded that formulation F2 was 
stable under room temperature and higher temperature condition.. 
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