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Abstract

The purpose of this research work was to prepack a The representatives of colon specific diseases are
evaluate the colon-specific microspheres of Mesadaz Inflammatory Bowel Disease (IBD), including Ulceavet

for the treatment of irritable bowel disease. CoreColitis and Crohn’s disease, Irritable Bowel Synmdes
microspheres of chitosan were prepared by th€IBS), Constipation and Colorectal Carcinoma.on new
emulsification method in liquid paraffin and by sse  system which combines specific biodegradability phid
linking with glutaraldehyde. The core microsphevee  dependent release system. The system consistitagan
coated with EudragitS-100 by the solvent evaponatio (CS) microcores entrapped within acrylic microsgiser
technique to prevent drug release in the stomaeh arSodium diclofenac (SD), used as a model drug, was
small intestine. The microspheres were characigrine  efficiently entrapped within CS microcapsules using
shape, size, surface morphology, size distributionspray-drying and then microcapsules into EudragioD.
incorporation efficiency, and In-vitro drug releagtedies. eudragit S-100 using an oil-in-oil solvent evapionmat
The outer surfaces of the core and coated microsphe method. The size of the CS microcores was sma- (1.
which were spherical in shape, were rough and gmoot2.9um) and they were efficiently encapsulated wwithi
respectively. Eudragit microspheres (size between 152 & 223um)
The release profile of Mesalazine from Eudragitteda forming a multi reservoir system!. Glipizide
pectin  microspheres was pH dependent. In acidienicrospheres containing chitosan were prepared by
medium, the release rate was much slower howewer trsimple emulsification phase separation techniquegus
drug was released quickly at pH 7.4. It is conctuffem  glutaraldehyde as a cross-linking agent the copmtisic

the ~present work that Eudragit-coated chitosarmicrospheres of 5 FU for the treatment of colonceal?!.
microspheres are promising carriers for colon-tegje Chitosan are biocompatible, mucoadhesive, permeatio

delivery of Mesalazine. enhancing effect, anticholesterolemic and antintitzio
Key Words: Mesalazine, Colon-specific, Microspheres, agent®l. Core microspheres of alginate were prepared by
Chitosan, Eudragit S-100. the modified emulsification method in liquid paiafand

by cross-linking with calcium chloride. The core
microspheres were coated with Eudragit S-100 by the
solvent evaporation technique to prevent drug selea

the stomach and small intestine. The microsphems w
characterized by shape, size, surface morphologe, s
distribution, incorporation efficiency and in-vitrdrug
release studies”. The properties of mucoadhesive
microspheres, e.g., their surface characteristamse of
mucoadhesion, release pattern of the drug, andaciee,

are influenced by the type of polymers used to g@rep

d iaht be ad d. if i them. Suitable polymers that can be used to form
L?fwer O.Sehs rtr)ng tde adequat)e anf, IS0, sy;te g: mucoadhesive microspheres include soluble and
effects might be reduced.Number of serious diseases jnsquple,  non-biodegradable and  biodegradable

the colon might be capable of being treated more,\ mers These can be hydrogels or thermoplastics,
_effecuvely if drugs were targeted_on the _coIoneﬁéﬁpre, homopolymers, copolymers or blends, natural ortsstit

it appears that targeted drug dell\_/ery W'th. an eppate polymers'>®. Microspheres prepared by different method
release pattern could be_ crqmal providing e_ffel:tlv solvent evaporation ), spray drying, chemical
thera_1p_y for these Ch_ronlc diseases. In addition tQyenatratio®l. The objective of the present investigation
p_rowdlng more effec_t!ve therapy of colon relgted was to design a multi particulate delivery systemdite-
diseases, colon specific delivery has the potertial goecific delivery of mesalazif® using chitosat and
address important unmet therapeutic needs includiiab pH-sensitive polymer (Eudragit S100) for the tresiin
delivery of macromolecular drugs. IBD. This system is anticipated to protect thediags in

Introduction

Colon specific diseases are often inefficiently aged by
oral therapy, because most orally administered diare
absorbed before arriving in the colon. Therefor@pie-

specific drug delivery systems, which can delivergs to

the lower gastrointestinal tract without releasthgm in

the upper Gl-tract, can be expected to increaseuhéty

of life for patients suffering from colon specifiiseases.
Treatment might be more effective if the drug sabses
were targeted directly on the site of action in tiadon.

: the upper Gl tract, which results from the
*Corresponding Author ; ' : .
E-mail'ghailqp%arma@yahoo com inherentproperty of Eudragit S100 (ES) and deliver
Mob. No. - 919893392221 ' Mesalazine in the colon only. The use of enterilypers
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(ES) as protective coating on the microspheres makdest apparatus. The dissolution studies were chaig in

them able to release the drug at the particulargbH 100 ml dissolution medium, which was stirred at rpd®

colonic fluid. at 37+0.1°C (apparatus 2). The scheme of using the
. simulated fluids at different pH was as follows:

Material and Methods

Mesalazine as a gift sample from torrent pharmacaiyt 1:tdhour: Simulated gastric fluid (SGF) of pH 1.2.

India, Chitosan was obtained from Hi Media Laboratories2  and 3% hour: Mixture of simulated gastric and
Ltd, Mumbai, India. Eudragit S-100 was obtainedniro Ir:r:[estlnalhflwd of pH4.5. _ _

Ranbaxy Laboratory Ltd (Haryana, India). Span 80’4h and 5" hour:Simulated intestinal fluid (SIF) of pH 6.8
glutaraldehyde, toluene, acetone, hexane, and liglit 6" hour: SIF pH 7.5.Cross linked ch_itosan miprospheres
paraffin were purchased from Central Drug House Pygnd Eudragit (S-100) coated chitosan Microspheres

Ltd, Mumbai, India. All other reagents and chemscal bearing drugs were suspended in dissolution media
used were of analytical grade. (100ml) ~at 37+0.1°C. Samples were withdrawn

Method of Preparation: pgriodic_ally and.compensated with same amountesthfr
Preparation of chitosan microspheres Cross linkedlissolution media. The samples were analyzed fag dr
Chitosan microspheres were prepared using emulsiofPntent by — measuring = absorbance using UV
method employing glutaraldehyde as cross linkdk  Spectrophotometer, Shimadzu 1750

Chitosan solution (4%w/v) was prepared in 5% agaeouStability Study: _

acetic acid solution in which the drug was previpus Stability of microspheres formulation on storageols
dissolved and dispersed in liquid paraffin (1:1 mie of 9reat concern as it is the major restraint in their
light and heavy) containing span 80 (1%wiv). Thedevelopme_nt as ma}rketed preparat|0_n._ Eudragit (B _10
dispersion was stirred using a specially fabricatedoated chitosan microspheres (Optimized formulation

stainless steel half-moon paddle stirrer and gilahyde ~ Was subjected to exhaustive stability testing dyrhich
saturated toluene solution (1ml to 3ml) was addéith w they were stored in amber colored bottles at 4®o®m

stirring. The stirring was continued further 4hhen  Temperature and at 45:2°C for 30 days period. Sesnpl
microspheres were centrifuged, washed two times wit Weré withdrawn and observed for any change in darti
hexane and acetone and dried in vacuum dessicatagf ~ Siz€ and encapsulation efficiency.

hrs. Preparation of cross linked chitosan microgghe Particle Size: _ _
shown in Table 1. Particle size analysis of microsphere was deterhing

Coating of chitosan microspheres: using optical microscopy method. Approximately 500
Chitosan microspheres were coated with ES usinineil Microspheres were counted for particle size using a
oil solvent evaporation method. Chitosan microspher Calibrated compound microscope.

(50 mg)were dispersed in 10 mL of coating solutionPercent Entrapment Efficiency: _ _

prepared by dissolution of 500 mg of ES in ethanol Percent Entrapment Efficiency o.f ch|tosan microsphe
acetone (2:1) to give 5:1(coat:core ratio). Thigamic and Eudragit (S-100) coated chitosan microspheres w
phase was then poured in 70 ml of light liquid [fara determined after removal of surface adsorbed dfing.
containing 1% w/v Span 80. The system was maintaineSurface adsorbed drug was removed by dispersing
under agitation speed of 1000 rpm at room tempeFatu accurately weighed amount of microspheres in 108% P

for 3 hours to allow for the evaporation of solvent PH 7.4 for 10min with occasional shaking. The
Finally, the coated microspheres were filtered, heds Suspension was then centrifuged at 3000rpm for Sméh

with n-hexane. and dried in dessicator. the supernatant was kept aside. The sediment
Characterization of Microspheres microspheres were retreated in the same manner and
Morphological Study of Microspheres: supernatant of this centrifuge was mixed with first

The shape and surface morphology of chitosarfuPernatant and then these microspheres were then
microspheres were investigated by using scanningicubated for 48 hrs with PBS pH 7.4 and the drug
electron microscopy (SEM). The samples for SEM wtud concentration was determined spectrophotomgt_rldayly
were prepared by lightly sprinkling the formulation a YV at 230nm. The Percent Entrapment Efficiency of
double adhesive tape stuck to an aluminum stub. ThEudragit coated chitosan microspheres was detednine
stubs were then coated with gold to a thicknesaboiut ~ the same manner replacing PBS pH 7.4 with 0.1N fdCl

300 A° under an argon atmosphere using a gold sputtdgmoval of surface adsorbed. _ ,
module is a high vacuum evaporator. The coated kesmp Drug —Excipients Compatibility Study By Differential

were then randomly scanned and photomicrographe wegcanning calorimetry: _ _
taken with a scanning electron microscépe In order to determine the physical state of drug, i

In Vitro Drug Release from Microspheres: amorphous or crystalline, before and after final
In vitro drug release studies of both coated ancbated ~formulation and to evaluate any possible drug-peiym
microspheres were carried out in gastrointestihatifat ~ drug-other components interaction, DSC examinatias
different ph. extraction technique using USP distioh conducted for the optimized formulation, pure drtlge
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polymer, the coupling agents using a DSC instrumententrapment efficiency and particle size. D:P ratiol:2
Samples of 2-6 mg were placed in aluminium pans andnd 1:3 showed marginal change in the entrapment

sealed. The probes were heated frofi{@%o 400°C at a
rate of 18C/min under nitrogen atmosphere.

Results and Discussion

Preparation of Eudragit-Coated
Microspheres:

Chitosan microspheres of Mesalazine were succégsful
prepared by emulsion technique. The chitosa
microspheres were coated with Eudragit S100 byneil-
oil solvent evaporation method, using coat:coreratl.
The method was optimized using different stirrirader
and emulsifier concentration to produce microsphere
smallsize and narrow size distribution, high dragding
efficiency and controlled drug release at the ciclgH.
Uniform, surface cross linked and spherical michesps
were obtained as shown in Figure 1 A.

Morphological Study of Microspheres:
Photomicrographs of the chitosan microspheres wer
taken from a digital optical microscope and were
characterized in terms of sphericity and clumping o

Chitosan

n

efficiency (54-66%) and particle size (61 — 80) whD:P
ratio of 1:4 and 1.5 recorded entrapment efficieadin

the range between 71-82 % and particle size bet@8en
110 microns. These figures demonstrate the regeiném
of D:P ratio in this range for satisfactory entramn
efficiency. Hence, D: P ratio of 1.5 and emulsifier
concentration of 1 ml was optimized. effect of ag® on
particle size and % entrapment efficiency of clatos
microspheres were shown in Table 4.

Drug Exciepient Compatability:

DSC is very useful in the investigation of the that
properties of microspheres in the present invetiga
DSC thermo grams of pure drug, blank Eudragit S-100
chitosan microspheres. Eudragit coated chitosan
microspheres shown drug and polymers are compatible
with each other. Figures 5, 6, 7, 8 and 9 prese®S of
Chitosan, Mesalazine, Eudragit S-100, Chitosan
€. 4 . .
microspheres, Eudragit coated chitosan microspheres
respectively.

microspheres, as observed from the photomicrograpithe results of the present study indicate the piatieaf

Microspheres prepared from chitosan solution havingeudragit

S 100 coated cross linked chitosan

concentration 4% were perfectly spherical, smallemicrospheres in designing site-specific deliveryr fo

clumping was found at 1000 rpm.
In-Vitro Drug Release Study:
In vitro dissolution study was conducted to underdtin-

vitro drug release profile of uncoated and coatedsimple and

microspheres. The purpose of this formulation was t
avoid release of drug in gastric and upper intesti@gion
but to release the drug slowly in the lower parttlod
intestine maximizing drug concentration in the eolo
Accordingly, the in-vitro drug release study was

treating colon related disorders for Mesalazine.e Th
investigations of different parameters involved in
preparation of coated system proved that the method
reproducible. Eudragit S-100 -coated
microspheres showed no release in SGF, negligible
release in SIF and maximum release in colonic media
Thus, the designed formulation was found suitalole f
colon delivery which resists drug release in stdmaiwd

in upper small intestine but can release maximuratar

conducted in pH change method as per USP protocobf drug in colon.

percent drug release rate shown in Tables 2 and
Release Rate from Chitosan Microspheres presemted
Figures 2, 3 and 4 respectively.

Stability Studies:

Stability studies were carried out with optimized
formulation which was stored for a period of 45 slay
4+1°C, RT and 40+1°C. The particle size of formiglat
was determined by optical microscopy using a catéud
ocular micrometer. The particle size of the mictees
was found to increase at RT, which may be attrithute
the aggregation of microspheres at higher temperaft
45+2°C the microspheres aggregate i.e. thes
microspheres were unstable at higher temperatluee i
45+2°C. Percent efficiency of microspheres also
decreases at higher temperature Like2f&.

Particle Size and Entrapment Efficiency:

Several batches of chitosan microspheres prepasied u
different drug: polymer ratios yielded microspheireshe
size range between 61 and Lfd The percentage

€

onclusion

Ehe results of the present study indicate the piateof

Eudragit S 100 coated cross linked chitosan
microspheres in designing site-specific deliveryr fo
treating colon related disorders for Mesalazine.e Th
investigations of different parameters involved in
preparation of coated system proved that the method
simple and reproducible. Eudragit S-100 coated
microspheres showed no release in SGF, negligible
release in SIF and maximum release in colonic media
Thus, the designed formulation was found suitalole f
colon delivery which resists drug release in stamaiad

in upper small intestine but can release maximurawarh

of drug in colon.
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entrapment varied between 54 to 82 % depending owork.

drug: polymer ratio and the emulsifier concentmatio
With increase in drug: polymer ratio, an increasehe
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Table 1: Preparation of cross linked chitosan Microspheres
Batch No. Drug:Polymer w/w Emuls(iltir]?)r conc. SFi’Zaertiérls) Eg:]fiifje'ﬂg;t
CC1A 1:2 0.75 72.21+1.93 57.18 + 0.65
CC1B 1:2 1.00 65.22 + 0.98 56.08 + 1.17
ccic 1:2 1.25 61.22 +1.28 54.22 +1.07
CC2A 1:3 0.75 80.02 +1.80 66.50 + 0.82
CC2B 1:3 1.00 74.15 +0.84 64.19 + 0.97
ccac 1:3 1.25 72.05+1.12 63.29 + 0.97
CC3A 1:4 0.75 98.91+1.20 76.70+1.14
CC3B 1:4 1.00 93.41 +1.43 75.40+1.34
cc3cC 1:4 1.25 90.41+1.83 7144 +1.34
CC4A 15 0.75 110.68 +1.41 82.45 +0.97
CC48B 15 1.00 105.51 £ 0.98 81.04 +1.15
cc4cC 15 1.25 101.21 +1.87 80.00 £ 0.11
Table 1: % Drug release rate
S. No. Time(hrs) Al A2 A3 A4 B1 B2 B3 B4
1 1 256 | 22.1 | 204 | 195 0 0 0
2 2 4477 | 40.2 | 38,5 | 36.9 0 0 0
3 3 58.4 | 545 | 52.2 | 515 0 0 0
4 4 64.1 | 60.4 | 57.8 | 59.9 6 4 2.8 0.8
5 5 69.3 | 650 | 63.6 | 62.1 | 17.8 | 11.3 | 8.5 4.5
6 6 745 | 709 | 675 | 66.7 | 29.5 | 22.2 | 195 | 135
7 7 782 | 751 | 733 | 717 | 39.8 | 36.2 | 31.3 | 27.3
8 8 811 | 788 | 764 | 752 | 49.0 | 432 | 385 | 335

a: Al, A2, A3, A4 % drug release from chitosan miospheres (1:2,1:3,1:4,1:5)
b: B1, B2, B3, B4 % drug release from Eudragit coad chitosan microspheres (1:2, 1:3, 1:4,1:5)
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Table 2: drug release from chitosan and Eudragit Coated Chitosan Microspheres

) Percent Drug Release
S. No Time - _
(hrs) Chitosan Microspheres Eudragl'g Coated Chitosan
Microspheres
1 1 19.5% 0
2 2 36.9% 0
3 3 51.5% 0
4 4 59.9% 0.8%
5 5 62.1% 4.5%
6 6 66.7% 13.5%
7 7 71.7% 27.3%
8 8 75.2% 33.5%

Table 3: Effect of Storage on Particle Size and Percent Entrapment
Efficiency of Chitosan Microspheres

After 30 days
Parameters Initial
Observation At4°C | AtRT | At45+2°C
Particle Size (um) 105.5 104.8 105.4 107.3
Percent Entrapment
Efficiency 80.4% 79.8% | 80.1% 76.2%
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