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Abstract COX-2 inhibitors have demonstrated beneficial

effects in colorectal cancer. The purpose of this study was

to prepare and evaluate the colon specific microspheres of

COX-2 inhibitors using valdecoxib as a model drug. Mu-

coadhesive core microspheres were prepared using chito-

san as polymer and entrapped within Eudragit S 100 for

colon targeting. FTIR spectrum of selected, coated micro-

spheres showed peaks of valdecoxib at 3377, 3250, 1334

and 1155 cm-1. XRD showed amorphous character and

DSC showed depressed broad endotherm of valdecoxib at

169.07�C, which may be attributed to dilution effect by the

amorphous polymer. The coated microspheres were

spherical with an average size of 90 lm. Storage of the

microspheres at 40�C/75% relative humidity for 6 months

indicated no significant drug degradation. The coated

microspheres did neither release the drug in acidic pH of

stomach (pH 1.2) nor in small intestinal pH between 5 to

6.8, and the release started at pH 7.4, indicting perfect

colonic delivery. The coated microspheres pretreated with

phosphate buffer pH 7.4 for 30 min, when applied to

mucosal surface of freshly excised goat colon, showed

good mucoadhesion. The drug release at pH 7.4 and good

mucoadhesive property of the microspheres make the

system ideal for colonic delivery.

1 Introduction

Though much advances have taken place in surgery, radi-

ation therapy and chemotherapy, cancer is still one

amongst the most common causes of death in developed

world, second only to heart disease [1]. Colorectal cancer,

which involves the colon, rectum and the anal canal, has

been reported to be the fourth most frequent cause of

cancer death. The incidence rates of the disease are

reported to be higher in industrialized areas such as North

America, Northern and Western Europe, Australia and

New Zealand, compared to the developing/less developed

areas such as India, South America and rural Africa [2].

The high mortality associated with colorectal cancer

demands effective prevention along with the surgery,

radiation and chemotherapy. Specifically, chemoprevention

approaches are more important in patients with genetic

predisposition to colon cancer.

Nonsteroidal anti-inflammatory drugs (NSAIDs) have

demonstrated anti carcinogenic effects in chemically

induced colon cancer in animal models and their use has

been reported to cause a substantial decrease in the risk of

deaths from colorectal cancer [3–6]. Higher concentrations

of prostaglandins (PGE2) have been detected in human

tumors of colon, lung and breast compared to normal tis-

sues [7]. Several epidemiological studies have demon-

strated that the patients treated with one of the several

different types of NSAIDs had a decreased risk of mortality

compared to patients who did not use these routinely. On

the other hand, the chronic use of NSAIDs is commonly

associated with gastrointestinal bleeding and gastric ulcer.
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The conventional NSAIDs like aspirin, ibuprofen, dic-

lofenac and others are reported to inhibit both the forms of

cyclo-oxygenase (COX) enzyme, i.e., COX 1 and COX 2.

While, COX 1 is expressed constitutively and is required

for physiological processes such as maintenance of gas-

trointestinal mucosa and platelet aggregation, COX 2 is

induced by cytokines, growth factor and mitogens [8].

Expression of COX 2 enzyme is increased up to 90% in the

cases of sporadic colon carcinomas and 40% for adenomas,

but not in normal colonic mucosa. Thus, it is presumed that

NSAIDs mediate apoptosis via inhibition of COX 2

enzyme [9]. The dual COX inhibitory effect of the con-

ventional NSAIDs results in gastrointestinal side effects,

which restricts their use for the prevention of colorectal

cancer. However, with the advent of newer COX 2 inhib-

itors like celecoxib, valdecoxib, rofecoxib, a new ray of

hope has emerged for treatment of colorectal cancer. In

1999, the US FDA approved the use of celecoxib to reduce

the number of adenomatous colorectal polyps, as an

adjunct to usual care, though, some recent reports have

demonstrated the cardiac toxicity of these COX-2 inhibi-

tors [10].

The development of a suitable site specific delivery

system releasing active ingredient in the colon, can lead to

considerable reduction in the dose and the undue side

effects of the drugs. The various approaches employed for

achieving colonic drug delivery of active drugs include

pro-drug approach [11, 12], time dependent formulations

[13], pH dependent system [14–18] and colonic micro-flora

activated system [19]. Single unit colon targeted drug

delivery system like coated tablets, suffer from the disad-

vantage of unintentional disintegration of the formulation

due to manufacturing deficiency or unusual gastric physi-

ology that may lead to increased systemic bioavailability or

loss of local action in the colon [20]. In comparison to unit

drug delivery systems, development of multiparticulate

dosage forms has gained momentum lately, because of

their potential benefits, like increased bioavailability,

reduced risk of systemic toxicity, reduced risk of local

irritation and predictable gastric emptying [21]. Moreover,

the smaller particle size of the multiparticulate system

makes it more uniformly dispersed in the gastrointestinal

tract and allows smooth passage through the GI tract [22,

23]. The anatomical difference of colonic region from that

of small intestine, i.e., having less surface area (no villi)

and the presence of plecal folds make the movement of

colonic contents sluggish and largely propulsive. The

structure and inhomogeneity of the colonic contents causes

a separation according to the particle size. Consolidation

starts with lumps of debris pushed ahead of the finer par-

ticles in the liquid phase. Thus, microparticulates get sep-

arated and trapped in the folds leading to increase in their

retention [24]. Further the localized drug delivery can be

optimized by retaining a dosage form at the site of action,

which can be easily achieved by using mucoadhesive

polymers in formulation of multiparticulate drug delivery

system. Mucoadhesive polymers offer prolonged residence

time at the site of drug absorption due to increased contact

with absorbing mucous. The factors which may be expec-

ted to play important role in determining release profile of

the included drug from the coated microspheres are the pH

solubility of Eudragit S100 coating, the swelling and

degradation behavior of core polymer, drug solubility and

diffusion through the core polymer, the interaction between

core and coat polymers, if any, and finally the ratio of core

and coat polymers employed for the preparation of

microspheres.

Taking the aforesaid information in view, valdecoxib, a

COX 2 inhibitor, microspheres dispersed in chitosan (a

mucoadhesive polymer) coated with Eudragit S100, a pH

sensitive polymer, have been prepared. Attempts have been

made to characterize the microspheres by FTIR spectros-

copy, X-ray diffraction, differential scanning calorimetry

and scanning electron microscopy, mucoadhesion, in vitro

drug release in simulated gastrointestinal condition and

stability of the formulations.

2 Materials and methods

2.1 Materials

Valdecoxib and Eudragit S100 were supplied as gift sam-

ples by Aarti Drugs Ltd. (Thane, India) and Evonik

Industries (Mumbai, India), respectively. Chitosan

(Brookfield viscosity [ 200 cps) was purchased from

Sigma–Aldrich Chemie GmbH, Riedstr, Steinheim while

Span 80 were obtained from Loba Chemie Pvt. Ltd.,

Mumbai, India. Following ingredients were of analytical

grade: liquid paraffin, glutaraldehyde solution (25%), iso-

propyl alcohol, potassium dihydrogen phosphate, sodium

hydroxide and glacial acetic acid [Merck Specialities Pvt.

Ltd., Mumbai, India], petroleum ether-boiling range 40�–

60�C (RFCL Ltd. New Delhi, India), ethanol (Changshu

Chemical, China), methanol (S D Fine Chem Ltd., Mum-

bai, India) and acetone (Qualigens, Mumbai, India).

2.2 Preparation of core valdecoxib microspheres

Core microspheres of valdecoxib in chitosan containing

varying drug polymer ratio (VC-1 to VC-7) as shown in

Table 1 were prepared using the following method. Known

weight of valdecoxib was dispersed in varying concentra-

tion of chitosan in acetic acid. Drug polymer dispersion

was then added through 22 gauge hypodermic needle into

liquid paraffin (500 ml), containing 2% w/v span 80. The
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mixture was stirred at 3,000 rpm using a mechanical stirrer

(Remi Instruments Ltd., Mumbai, India). After 5 min of

complete addition of chitosan-valdecoxib dispersion to

liquid paraffin, 10 ml of glutaraldehyde solution (25% v/v)

was added slowly. Stirring speed was subsequently reduced

to 500 rpm. Five ml of the glutaraldehyde solution was

again added 1 and 2 h after the initial addition. The sus-

pension of the microspheres in paraffin oil, thus obtained,

was allowed to stand for 1 h for complete separation of the

microspheres. Clear supernatant was discarded and

microspheres obtained as residue were collected, washed

thrice with petroleum ether to remove remnant liquid

paraffin. These were kept in deep freezer at -50�C for 10 h

and stored in desiccator at room temperature.

2.3 Encapsulation of core microspheres

Selected formulation of core microspheres was coated with

Eudragit S100 having core: coat ratio of 1:2.5 (VCE-1) and

1:5 (VCE-2). Accordingly, core microspheres of the drug

were dispersed in Eudragit S100 solution (10% w/v) in

acetone-ethanol (2:1), followed by emulsification in liquid

paraffin containing 2% w/v span 80, with the help of a

mechanical stirrer (1,500–2,000 rpm). Stirring was con-

tinued for 3 h to facilitate the complete evaporation of the

solvent. Encapsulated microspheres were filtered and

washed with petroleum ether to remove liquid paraffin and

dried in vacuum desiccator for 24 h.

2.4 Characterization of microspheres

2.4.1 FTIR spectroscopy

Fourier transform infrared (FTIR) spectra of selected micro-

spheres were recorded using a FTIR spectrophotometer

(Perkin Elmer model 1600-FTIR) employing KBr disc tech-

nique in the range of 4,000–400 cm-1.

2.4.2 X-ray diffraction

X-ray diffractograms of the selected microspheres were

recorded using an X-ray diffractometer (X’Pert Pro, PW

3050/PW 3071; Lelyweg, The Netherlands) using nickel

filtered CuKa radiation (k = 1.540598 Å) generated at

40 kV and 30 mA and scanning rate 2�/min over a 2h
range of 10�–80�.

2.4.3 Differential scanning calorimetry

Thermal analysis of selected microspheres was performed

using DSC-TA system (Perkin Elmer). All samples were

sealed in a crimped aluminium pan by application of the

minimum possible pressure and heated at a rate of 10�C/

min from 50 to 266�C in an atmosphere of nitrogen gas by

passing at a flow rate of 60 ml/min. An empty aluminium

pan was utilized as the reference pan.

2.4.4 Surface morphology and particle size distribution

The shape and surface characteristics of selected micro-

spheres were analyzed by Scanning Electron Microscope

(SEM) (ZEISS EVO Series Model EVO 50). Samples

mounted on aluminium stub were sputter coated with gold

under reduced pressure and 30–40 nm thick gold coat was

applied using BIO-RAD POLARAN sputter coater. The

sample assembly was placed in microscope and vacuum

was applied. The microspheres were observed under SEM

at an accelerating voltage of 15 kV.

The particle size distribution of coated microspheres

was determined using Particle Size Analyzer, Brookhaven

Instruments Corporation, Model 90Plus. The weighed

microspheres (20 mg) were suspended in double distilled

water and the dispersion was examined to determine par-

ticle size distribution.

2.5 Drug loading efficiency

Accurately weighed core microspheres equivalent to 20 mg

of the drug were dissolved in 100 ml ethanol and subjected

to centrifugation at 3,000 rpm for 10 min. The supernatant

solution was withdrawn, diluted with ethanol to have

concentration &20 lg/ml. Absorbance of the resulting

solution was measured at 244 nm in a u.v. spectropho-

tometer (Shimadzu UV Pharmaspec 1700), and percentage

drug content in microspheres was determined.

The same procedure was adopted for measuring drug

contents in the coated microspheres, using 100 mg of

coated microspheres.

Table 1 Various Formulations of Valdecoxib Microspheres in chito-

san polymer and their drug loading efficiency

Formulation

code

Drug:polymer ratio Drug loading

efficiency (%)

VC-1 1:5 (400 mg:2 gm) 32.33 ± 4.18

VC-2 1:15 (400 mg:6 gm) 81.23 ± 2.33

VC-3 1:10 (600 mg:6 gm) 78.23 ± 0.21

VC-4 1:10 (800 mg:8 gm) 77.83 ± 0.53

VC-5 1:10 (200 mg:2 gm) 80.23 ± 1.45

VC-6 1:10 (100 mg:1 gm) 50.57 ± 2.48

VC-7 1:10 (400 mg:4 gm) 80.33 ± 2.24

Coated

formulations

Core : coat ratio

VCE-1 1:2.5 92.08 ± 1.04

VCE-2 1:5 95.39 ± 2.05
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Following formula was employed for calculation of drug

loading efficiency:

Drug loading efficiency ¼ Drug loaded

Theoretical drug content
� 100

2.6 In vitro release profile

2.6.1 Core microspheres

Accurately weighed core microspheres containing 2 mg of

the drug were suspended in 20 ml of 7.4 pH phosphate

buffer, containing 1.5% w/v SLS. The mixture was stirred

magnetically at 37�C at 50 rpm. Samples were withdrawn

at specified time intervals replacing each withdrawn sam-

ple with equal volume of release medium. The withdrawn

samples were centrifuged at 3,000 rpm; supernatant was

filtered through 0.45 lm membrane filter, diluted to 10 ml

with phosphate buffer pH 7.4 and analyzed for drug content

by measuring absorbance at 244 nm. All experiments were

done in triplicate.

2.6.2 Coated microspheres

Accurately weighed coated microspheres equivalent to

2 mg of drug were placed in 20 ml 0.01 N HCl (pH

2.0) and stirred magnetically at 50 rpm for 2 h. The

samples were centrifuged, supernatant filtered through

0.45 lm membrane filter and analyzed for the drug

content.

In a similar experiment, coated microspheres equiva-

lent to 2 mg of drug were placed in 20 ml of phosphate

buffer containing 1.5% w/v SLS and stirred magnetically

at 50 rpm. The initial pH of the buffer was maintained at

5.5 for 2 h, which was increased by addition of Na2HPO4

to 6.8 and maintained for 2 h. Subsequently, the pH of

the buffer was raised by further addition of Na2HPO4 to

7.4 and maintained till the completion of study. One ml

of the sample was withdrawn hourly replacing each

withdrawn sample with fresh release medium. The sam-

ples were centrifuged/filtered and analyzed for drug

content spectrophotometrically. All experiments were run

in triplicate.

2.6.3 Statistical analysis

The in vitro drug release data from microspheres were

compared by statistical analysis using one way analysis of

variance (ANOVA). The Student t test was performed to

compare the significance of the difference between the

means of two groups. P \ 0.05 was considered

significant.

2.7 Evaluation of in vitro mucoadhesion

The in vitro wash-off test as reported by Lehr et al. [25]

was followed for the determination of extent of mucoad-

hesion of microspheres. The proximal large intestine of

freshly slaughtered goat was cut to expose the mucosal side

and washed with distilled water and phosphate buffer pH

7.4. The serosal side (2 9 2 cm) was fixed on a glass slide

with the help of a thread. Coated microspheres (5 mg of

VCE-2) were spread on the exposed mucosal surface,

rinsed with phosphate buffer pH 7.4 and the assembly was

kept in a humidity chamber (Thermotech, India, Model

TH-7004) at 37�C and 90% RH, for a period of 30 min.

This pretreatment was performed to dissolve the Eudragit

S100 coat and to expose the core chitosan polymer. Sub-

sequently, the complete assembly was mounted onto the

tablet disintegration test apparatus (Veego, India, model

VTD-AVP) with the help of a clamp and a thread. The

apparatus was operated in a manner that the tissue was

given regular up and down movements while immersed in

the phosphate buffer pH 7.4 contained in a beaker. The

time for complete wash off of microsphere from the tissue

was taken as the mucoadhesion time.

2.8 Stability studies

In order to assess long term stability, three different bat-

ches of formulations for VCE-2 were subjected to accel-

erated stability studies as per ICH guidelines [26]. Coated

microspheres were wrapped in aluminium foil laminated

with polyethylene from inside. The samples were kept at

40�C ± 2�C/75% RH ± 5% in the stability chamber

(Scope Enterprises, Delhi, India) for a period of 6 months.

The samples were withdrawn after an interval of 15, 30, 90

and 180 days and were analyzed for drug content.

3 Results and discussions

3.1 Characterization of prepared microspheres

3.1.1 FTIR spectroscopy

FTIR spectra of the drug valdecoxib, chitosan, Eudragit

S100 and the coated microspheres are presented in Fig. 1.

FTIR spectrum of the pure valdecoxib showed character-

istic peaks at 3377 and 3250 cm-1 due to N–H stretching

of sulfonamide and at 1334 and 1150 cm-1 due to S=O

stretching vibrations of sulfonamide. The spectrum of

Eudragit S100 coated microspheres of valdecoxib con-

taining chitosan showed peaks at 3377 and 3250 cm-1 due

to valdecoxib, at 1734 cm-1 due to Eudragit S100 and at

1334 and 1155 cm-1 due to valdecoxib and Eudragit S100.
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3.1.2 X-ray diffraction studies

X-ray diffractograms (Fig. 2) of valdecoxib indicated

presence of a crystalline material having principal peaks at

22.45� and 24.35� 2h while both the polymers chitosan and

Eudragit S100 were found to be amorphous. While the

diffractogram of core microspheres of valdecoxib demon-

strated presence of crystalline drug embedded in the

amorphous polymer, the diffractogram of coated micro-

spheres showed an amorphous material devoid of any

crystallinity. This could be attributed to dilution effect by

the amorphous polymers.

3.1.3 Differential scanning calorimetry

DSC thermograms of the drug, polymers and the micro-

spheres are presented in Fig. 3. Pure valdecoxib exhibited a

melting endotherm at 174.25�C. Similarly, thermograms of

the coated microspheres demonstrated a depressed, rela-

tively broad endotherm at 169.07�C, which could be

Fig. 1 FTIR spectra of drug valdecoxib, Eudragit S100, chitosan and the coated microspheres

Fig. 2 X-ray diffractogrms of drug, chitosan, Eudragit S100, their physical mixture, core as well as coated microspheres
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attributed due to the dilution effect of the amorphous

polymers.

3.1.4 Surface morphology and particle size distribution

Scanning Electron Microscopy (SEM) of core valdecoxib

microspheres in chitosan (Fig. 4) revealed mostly spheri-

cal, rough surfaced microspheres. The rough surface is

indicative of the surface associated drug crystals. On the

other hand, SEM of the coated microspheres of valdecoxib

in chitosan, revealed mostly spherical and smooth surfaced

microspheres. The average particle diameter of the coated

microspheres containing chitosan was found to be 90 lm.

3.2 Drug loading efficiency

The drug loading efficiency of various formulations is

presented in Table 1. Retrofit analysis of the data reveals

that increasing the drug: polymer ratio from 1:5 to 1: 15

resulted in increased drug loading efficiency. However, the

extent of increase was not substantial beyond the drug

polymer ratio 1:10. Hence the same was kept constant and

the quantity of drug and polymer were varied for compo-

sitions VC-3 TO VC-7. Composition corresponding to

composition VC-7 was utilized for further studies incor-

porating coating with Eudragit S100 polymer in the core:

coat ratio of 1:2.5 (VCE-1) and 1:5 (VCE-2). The coated

microspheres revealed a loading efficiency of 92.08 and

95.39%, respectively, for VCE-1 and VCE-2.

3.3 In vitro release profile

3.3.1 Core microspheres

The in vitro release profiles of microspheres containing

varying proportions of drug: chitosan as core are presented

in Fig. 5. Statistical analysis of dissolution profiles of drug-

chitosan microspheres (VC-3, VC-4, VC-5, VC-6 and VC-

7) having core coat ratio of 1:10, but different amounts of

drug and chitosan, indicated that rate and extent of drug

release for VC-3 and VC-7 microspheres are the same but

different from the other formulations of the microspheres.

In case of microspheres containing comparatively lesser

proportion of polymer, i.e., VC-5 and VC-6, there may be

relatively more surface associated drug which explains the

initial faster release. However, for microspheres containing

more quantity of polymer, i.e., VC-4, the rate and extent of

drug release is comparatively quite less as compared to all

Fig. 3 Overlay showing DSC thermograms of Eudragit S100 (a); chitosan (b); Valdecoxib (c); physical mixture of valdeoxib, chitosan and

Eudragit S100 (d) and coated microspheres of valdecoxib in chitosan (e)

2696 J Mater Sci: Mater Med (2010) 21:2691–2699

123



the other formulations of microspheres. However, the mean

of dissolution profiles of VC-1, VC-2 and VC-3 were sta-

tistically different indicating the difference in rate and

extent of drug release (P \ 0.05). Thus, a change in drug:

core ratio leads to modified dissolution profile, which may

be attributed to the change in density of the polymer matrix

and hence the diffusional path length.

3.3.2 Coated microspheres

The in vitro release profile of the coated microspheres in

release medium of pH 2 indicated complete absence of any

drug release even after an interval of 2 h. When the release

studies were conducted in phosphate buffer (Fig. 6) and pH

was gradually increased from 5.5 to 6.8, again negligible

drug content in the medium was observed. However, as the

pH of the medium was increased beyond 7, the drug was

found to be released into the medium, which was quite

expected because Eudragit S100, an enteric copolymer

made of methacrylic acid-methyl methacrylate, dissolves at

a pH [ 7. As the release medium pH was increased to 7.4,

VCE-1 microspheres showed around 20% drug release in a

period of 2 h against VCE-2, which started to release drug

only after 1 h residence in the release medium. Obviously,

the quantity of coat was comparatively more, which took

longer time to dissolve, as increased thickness of coating in

tablet is known to affect oral bioavailability [27]. However,

80% of the drug was found to be released at pH 7.4 in

around 4.5–5 h.

3.4 Drug release kinetics

The drug release data obtained from in vitro release exper-

iments was subjected to various kinetics equations to eval-

uate the drug release mechanism and kinetics. The kinetic

models used were zero order (as cumulative amount of drug

released vs. time), first order (as log cumulative percentage

of drug remaining vs. time [28]) and Higuchi model (as

cumulative percentage of drug released vs. square root of

time [29]). Moreover, Hixson-Crowell cube root law [30]

was used to evaluate the drug release with changes in sur-

face area and diameter of the particles while the mechanism

Fig. 4 SEM photograph of microspheres of formulation VC-7 (a)

uncoated (b) coated with Eudragit

Fig. 5 In vitro release profile of chitosan core-microspheres in

phosphate buffer pH 7.4

Fig. 6 In vitro release profile of Eudragit S-100 coated microspheres
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of drug release was also evaluated by plotting first 60% of

drug release in Korsmeyer & Peppas equation [31], as log

cumulative percentage of drug released vs. log time and the

exponent ‘n’ was calculated from the slope of the straight

line. The release constants and regression coefficients (r2)

for all the microsphere formulations using different kinetic

equations are listed in Table 2.

A thorough analysis of the table revealed that the best fit

for in vitro drug release from the different chitosan based

core microspheres was found to the zero order equation,

indicating that the release is independent of the concen-

tration of drug. For all these microspheres, value of ‘n’ as

per K–P model was found to be between 0.45 and 0.89,

which is indicative of anomalous behavior of drug release,

where swelling, diffusion and erosion play an important

role [32, 33]. The coated microspheres, on the other hand,

demonstrated the first order release, i.e., Fickian Kinetics

and value of ‘n’ (\0.45) as per K–P model also comple-

ment the same. However, this release data could also be

explained by Higuchi and cube root law, though drug

release from coated microspheres is believed to follow

Higuchi Kinetics [34, 35].

3.5 In vitro mucoadhesive properties

Estimation of in vitro mucoadhesion revealed that the time

required for complete wash off of microspheres from the

mucosal tissue was 162 min, indicating good mucoadhe-

sive properties of chitosan. Various polymer characteristics

necessary for mucoadhesion have been summarized and

include presence of strong hydrogen bonding groups(–OH,

–COOH), strong anionic charges, high molecular weight,

sufficient chain flexibility and surface free energy proper-

ties, favoring spreading onto mucus [36]. Chitosan is a

cationic polymer and described as b-(1,4) 2-deoxy-2-amino

D-glucan, possessing one primary amino and two free

hydroxyl groups for each C6 building unit. The positive

charge on primary amino group facilitates electrostatic

interaction with negatively charged mucin macromole-

cules. This is considered to be the primary mechanism of

mucoadhesion for chitosan [37]. It is quite obvious that at

colonic pH (7–8), these primary amino groups get depro-

tonated and these deprotonated amino groups have been

reported to participate in hydrogen bonding with mucin

[37]. Therefore, the mucoadhesion observed at pH 7.4 can

be attributed to the hydrogen bonding due to the presence

of –OH groups and deprotonated –NH2 groups.

3.6 Stability studies

Selected formulation VCE-2 was subjected to accelerated

stability studies as per climatic zone IV condition for

assessing long term stability as per ICH protocol. After

storage the formulations were analyzed for contents assay

(Table 3). The content assay of the microspheres samples

after the defined period indicated an insignificant differ-

ence. The results indicated that the formulation could

provide a minimum shelf life of 2 years.

Table 2 Fit for various drug-chitosan microspheres using different kinetic equations for describing release kinetics

Type of

micro-sphere

Zero order 1st order Higuchi K –P Model Cube root law

r2 (lg/h) K0 (lg/h) r2 (h-1) K1 (h-1) r2

(lg/h-1/2)

KH

(lg/h-1/2)

r2 (h-n) n (h-n) KKP (h-n) r2

(lg1/3/min)

KHC

(lg1/3/min)

VC-1 0.975 6.968 0.987 0.119 0.947 2.386 0.974 0.781 0.117 0.987 0.153

VC-2 0.982 6.054 0.977 0.092 0.914 2.029 0.953 0.820 0.087 0.981 0.123

VC-3 0.993 6.420 0.975 0.099 0.904 2.129 0.972 0.889 0.076 0.984 0.133

VC-4 0.991 4.828 0.977 0.067 0.922 1.618 0.973 0.759 0.080 0.984 0.093

VC-5 0.988 8.510 0.936 0.164 0.875 2.783 0.972 0.790 0.072 0.961 0.201

VC-6 0.982 9.246 0.974 0.219 0.946 3.153 0.988 0.853 0.109 0.993 0.248

VC-7 0.984 6.145 0.950 0.094 0.885 2.025 0.959 0.839 0.081 0.965 0.126

VCE-1 0.858 9.231 0.961 0.297 0.961 7.487 0.952 0.354 0.004 0.969 0.345

VCE-2 0.960 15.4 0.952 0.272 0.973 8.721 0.875 0.337 0.001 0.965 0.337

Table 3 Drug content assay for samples withdrawn during different storage period at 40�C/75% RH

Formulation

code

Percentage of drug remaininga in the sample after time intervals (days) Rate

constant (day-1)

t 90%

(days)

0 15 30 90 180

VCE-2 100 100 ± 0.09 99.69 ± 0.03 99.44 ± 0.26 98.68 ± 0.32 7.66E-05 1,378

a Mean ± SD for three samples
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4 Conclusion

From the results of the present study, it can be concluded

that valdecoxib microspheres prepared using chitosan as

core, coated with Eudragit S100 could be used for colon

targeting of drugs. Presence of chitosan in the core imparts

mucoadhesion in the colon after the removal of Eudragit

coat by the neutral pH of colonic contents. This eventually

leads to increased residence time of the drug in the affected

area. However, further in vivo studies are needed to

ascertain the efficacy of the formulation in real life

situation.
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