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ABSTRACT: 

In the present research work, ethylcellulose microspheres containing ciprofloxacin were 

prepared and evaluated for in-vitro performance of ciprofloxacin. Ciprofloxacin 

microspheres containing ethylcellulose were prepared by emulsion solvent diffusion 

evaporation method. The surface morphological characteristics of ethylcellulose 

microspheres were investigated using scanning electron microscopy. The polymer ratio, 

stirring speed and the temperature affected the particle size, shape and surface 

morphology of the microspheres. The in-vitro drug release was carried out using USP 

paddle type dissolution rate test apparatus in 0.1N Hcl dissolution medium at 291nm. 

It was found that drug release from the formulations was different at different 

concentrations of polymers and different RPM and temperature. The best cumulative 

release was achieved after 24 hrs i.e. 91.6%. The Mucoadhesive property of the 

ethylcellulose microspheres was evaluated by in-vitro wash off test. The microspheres 

exhibited 75% mucoadhesion and showed good drug entrapment efficiency. By, above 

results it was concluded that ethylcellulose microspheres showed reproducible results, 

with good Mucoadhesive properties and good surface morphology.   
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INTRODUCTION:  

The most desirable and convenient method of drug administration is the oral route due 

to the ease of administration and patient compliance. One limitation for oral delivery is 

poor bioavailability and for the drug candidates who show absorption window in the 

proximal gut and is the major obstacle to the development of controlled release 

formulation. A number of approaches have been developed to increase the residence 
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time of dug formulation. One of the approaches the formulation of Gastro retentive 

dosage forms in the form of Mucoadhesive microspheres. Microsphere carrier systems, 

made from natural polymers are attracting considerable attentions for several years, for 

sustained drug delivery. Today, those dosage forms which can control the release rates 

and which are target specific have a great impact in development of novel drug delivery 

systems. Microspheres are part of such novel delivery systems [1-3]. 

 

The success of these microspheres is limited because due to short residence time at the 

site of absorption. Therefore, it would be advantageous to provide an intimate contact of 

the drug delivery systems with the absorbing membranes. This can be achieved by 

coupling bioadhesion characteristics to microspheres and formulating bioadhesive 

microspheres.  These microspheres provide advantages such as efficient absorption and 

increased bioavailability of drugs owing to high surface-to-volume ratio, a much more 

intimate contact with the mucus layer and specific targeting of drugs to the absporption 

site [4-7]. 

 

Ethycellulose was used as matrix polymer in which drug was dispersed because of its 

hydrophobic characteristic. Hydroxypropylmethylcellulose (K 100M) and Carbomer 

(934P) were used as Mucoadhesive polymers [8]. These polymers are selected because of 

their good Mucoadhesive properties. Ciprofloxacin is a first generation fluoroquinolones, 

it has a biological life of 4hrs [9]. Thus, development of controlled release dosage forms 

would clearly be advantageous. So, here an attempt is made to prepare microspheres by 

using HPMC (K100M) and Carbomer (934P) as Mucoadhesive polymers.  

 

MATERIALS AND METHODS: 

Materials: 

Ciprofloxacin was obtained as a gift sample from Cipla (Baddi), ethylcellulose, HPMC 

(100M) and carbomer (934P) were purchased from sigma Aldrich. All other chemicals 

were of analytical grade. 

 

Methods: 

Drug loaded ethylcellulose microspheres were prepared by emulsion solvent diffusion 

evaporation method. Ethylcellulose was dissolved in acetone, ciprofloxacin and 

polymers were added to ethylcellulose solution under the influence of magnetic stirring 

and blended for 4 hrs. This suspension was slowly dispersed in light liquid paraffin 

containing span 80 with stirring by magnetic stirrer. After 1hr of emulsification, acetone 

was evaporated gradually and microspheres were formed. Temperature was maintained 
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constant 15ºC all through the process and microspheres were washed with petroleum 

ether and dried at room temperature. Total 37 batches were prepared with different 

drug: polymer ratios using combinations of HPMC/CARBOPOL with EC. For all batches 

RPM was maintained at 100 and temperature was maintained at 15ºC. Total seven 

formulations were prepared with different drug polymer ratio. These seven formulations 

were included in the optimization study and evaluated [10-14]. 

RESULTS OF TRIAL BATCHES: 

Table 1. Batches that gave smooth discrete microspheres 

BATCH CODE DRUG: POLYMER RATIO POLYMER RATIO 

A2 1:1 3:1(EC: HPMC) 

A5 1:2 3:1(EC: HPMC) 

A11 1:3 5:1(EC: HPMC) 

A14 1:1 4:1:1(EC: HPMC: Carbopol) 

A17 1:2 6:1:1(EC: HPMC: Carbopol) 

A26 1:3 10:1:1(EC: HPMC: Carbopol) 

A33 1:2 7:1(EC: Carbopol)) 

 

Particle size analysis  

The particle size of the microspheres was determined by using optical microscopy 

method. Approximately 100 microspheres were counted for particle size analysis by 

using calibrated optical microscope [15]. 

 

Shape and surface morphology 

The surface and inner part of the microspheres were observed via scanning electron 

microscopy (SEM, Hitachi S 502, Tokyo Japan). The sample was mounted on to an 

aluminium stub and sputter coated for 120s with platinum in an argon atmosphere 

[16]. 

 

Drug entrapment efficiency 

Ciprofloxacin entrapment in the microspheres was estimated by a UV 

Spectrophotometer (UV-1700 SHIMADZU) method based on the measurement of 
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absorbance at 291nm in 0.1N HCL. The volumetric flask was stirred continuously for 

24 hr on a magnetic stirrer. Dilutions were properly made and measured for the drug 

entrapment [17]. 

 

% Entrapment efficiency= (Wa/Wt) × 100 

Where, Wa. is the actual ciprofloxacin content and Wt. is the theoretical ciprofloxacin 

content. 

 

In-vitro washes off test 

The Mucoadhesive property of the microspheres was evaluated by in-vitro adhesion 

testing method known as wash off method. Piece of rat stomach mucosa 1×1 cm was 

tied on to a glass slide using a thread. Approximately 100 microspheres were spread on 

to the wet rinsed tissue specimen and the prepared slide was hung on to one of the 

grooves of a USP tablet disintegrating test apparatus. The disintegrating test apparatus 

was operated whereby the tissue specimen was given up and down movements 

regularly in the beaker of the disintegrating apparatus, which contained the gastric 

fluid (pH 1.2). At the end of 30 min, 1 hr and at hourly intervals up to 4 hrs, the 

number of microspheres still adhering to the tissue was counted [18]. 

 

Percent mucoadhesion = (weight of adhered microspheres/weight of applied 

microspheres) × 100 

 

In-vitro release studies 

The drug release study was carried out using USP paddle type apparatus at 37±0.5ºC 

and at 100 RPM using 900ml of 0.1N HCL medium as a dissolution medium. 5ml of 

aliquot was withdrawn at a predetermined time intervals, up to 24 hrs. The medium 

was replenished with 5 ml of fresh buffer each time. The absorbance is measured via 

U.V spectrophotometry at the wavelength of 291nm and then calculates the % 

cumulative release of formulation [19]. 

 

Stability studies 

The stability study of the drug was determined through thin layer chromatography, % 

drug content and in vitro drug release study. The batch A5P2 was packed in an 

aluminium foil and was kept in a petridish at a room temperature and in humidity 

chamber at 75RH/40ºC and 60 RH/25ºC for a period of three months [20]. 
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RESULTS AND DISCUSSION: 

Ethylcellulose microspheres were prepared by the emulsion solvent diffusion 

evaporation method. The particle size of the microspheres was determined by optical 

microscopy. The average particle size was found to be in the range of 61.4 to 199.9µm. 

Batch A5P2 showed the least particle size of 86.7µm which is due to spherical nature of 

microspheres as showed by the SEM. It was investigated that on increasing the 

concentration of polymer the particle size increases. The mean particle size of 

microspheres increased from 71.1µm to 190.9 with increase in concentration of polymer 

from 1 to 3%. The particle size of microspheres increased with the increase in the 

concentration of polymer, since at higher concentrations the polymer solution dispersed 

into larger droplets, at concentrations lower than the optimum level the solution 

became less viscous and dispersed into various fine droplets that easily coalesced, 

resulting in larger microspheres. 

 

The mean particle size of microspheres decreased from 199.9µm to 87.6µm with the 

increase in the rotational speed that was 900RPM, 1200 RPM and 1500RPM. It was 

revealed that particle size of microspheres prepared at 1500 RPM was smaller than that 

of 900 and 1200 RPM. This was due to the effect of stirring speed on the size of 

globules. The preparation of ethylcellulose microspheres involved the maintenance at 

elevated temperature. The mean particle diameter of the microspheres varied from 

90.8µm to 87.6µm, when temperature was increased from 10ºC to 15ºC, whereas 

further increase in the temperature to 20ºC lead to increase in the particle size to 

152.4µm. This suggested that the temperature of system determines the size of the 

microspheres. 

 

Optical microscopy of batch A5P2 

Shape and surface morphology were studied by scanning electron microscopy. 

Photographs indicated that, ethycellulose microspheres possessed nearly spherical and 

smooth surface. 
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                            Figure 1. Scanning electron microscopy of A5P2  

 

After the determination we found that the batch A5P2 gave the highest % drug 

entrapment efficiency than the other batches with RPM 1500 and temperature 15ºC. % 

drug entrapment was determined by using U.V spectrophotometer at 291nm. 

 

The Mucoadhesive property of the microspheres was evaluated by in vitro adhesion 

testing methods called in-vitro wash off test. This test was done with the help of USP 

disintegration apparatus in which beaker contained 1.2 pH buffer solution. The 

numbers of microspheres adhering to the tissue were calculated after 30 min, 1 hr and 

hourly at 4 hr. After determination it was found that batch A5P2 showed highest percent 

75% mucoadhesion than other batches. 

 

Table 2. Result of In-Vitro wash off test to affects mucoadhesive properties of the 

microspheres 

 % MUCOADHESION TO STOMACH MUCOSA 

BATCH CODE 

AFTER 

1 HR 

AFTER 

2 HR 

AFTER 

3 HR 

AFTER 

4 HR 

A2P1 (1:1) 64 43 32 24 

A5P2 (1:2) 90 85 75 75 

A11P3 (1:3) 80 75 69 65 

A14P4 (1:1) 54 48 45 38 
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A17P5 (1:2) 82 74 70 70 

A26P6 (1:3) 85 80 75 72 

A33P7 (1:2) 85 65 60 50 

 

% Mucoadhesion of A2P1, A5P2 and A11P3 batch. 
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Figure 2.  In-vitro wash off test between % mucoadhesion and time in hr. of A2P1, 

A5P2 and A11P3 batch 

 

In vitro release studies were performed, in 0.1N HCL at 291nm. The drug release from 

the formulations was different at different concentrations of polymers, at different RPM 

and temperature. After 24 hrs the release was found to be 83.6, 92.5, 75.5, 82.3, 85, 

72, 85, 75.5, 84, 91.6 and 84.6% of the batches A2P1 TO A5T6. A5P2 batch containing EC 

and HPMC (K100M) showed the maximum release after 24 hrs. 
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Figure 3. % Cumulative release of batch A5P2 at 291 nm 

 

Stability studies of batch A5P2 was performed by TLC method, % drug entrapment 

efficiency and in-vitro release studies. The batch A5P2 showed reproducible results, 

there was no any change in the Rf value, % drug entrapment efficiency and in vitro 

release. Rf value was 0.56 determined with the help of TLC method. % drug entrapment 

was 70.3% determined with the help of UV method. In vitro release was 92.5% 

determined by UV method. 

 

Thin layer chromatography 

Table 3. Rf value of batch A5P2  

 

BATCH A5P2 

RH/TEMP. Rf VALUE 

75/400C 0.50 

60/250C 0.54 

Room Temp. 0.56 

 

% Drug content 

Table 4. % Drug content of batch A5P2 

BATCH CODE D:P RATIO %DRUG CONTENT 

A5P2 1:2 70.3% 
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Invitro drug release study 

Table 5. % Cumulative release content of batch A5P2  

BATCH CODE 
D:P  

RATIO 

%CUMULATIVE 

RELEASE 

(UP TO 12 hr) 

%CUMULATIVE 

RELEASE 

(UP TO 24 hr) 

 

A5P2 

 

1:1 

 

50.4% 

 

92.5% 

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

TIME (hr)

%
 C

U
M

U
L

A
T

IV
E

 

R
E

L
E

A
S

E

A5P2 BATCH

Figure 4. % Cumulative release at 291 nm release of A5P2 batch after 3 months 

 

After 3 months, it was found that there was no degradation of ciprofloxacin drug and 

was maintained for the period. 
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