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ABSTRACT 
The most critical challenge in oral colon specific drug delivery approach is to preserve the formulation during its 
passage through the stomach and about first six meters of the small intestine. Microbial enzyme-triggering 
mechanisms seem to be promising to provide more reliable colonic delivery .The objective of the present study was 
to develop biodegradable colon targeted multiparticulate system by using guar gum. In this study drug (Budesonide) 
loaded pellets were coated with aqueous guar gum solution and subjected to In-vitro drug release studies simulating 
GIT with and without enzyme as well as coating properties were evaluated by SEM. In-vitro release studies indicates 
that drug release after 4.5 h lag time in presence of enzyme and lag time increase in absence of enzyme which 
indicated the enzyme triggered system for colonic release. This Multiparticulate system can be effectively used for 
colonic drug delivery for effective treatment of colonic diseases.  
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INTRODUCTION 
Colonic drug delivery has gained increased importance 
not just for the delivery of the drugs for the treatment of 
local diseases associated with the colon like Crohn’s 
disease, ulcerative colitis, irritable bowel syndrome but 
also for the potential it holds for the systemic delivery of 
proteins and therapeutic peptides1,2. The most critical 
challenge in such drug delivery approach is to preserve 
the formulation during its passage through the stomach 
and about first six meters of the small intestine 3. Various 
systems employing pH-sensitive, time-dependent and 
microbial enzyme-triggering mechanisms have been 
studied3,4,5,6. However, due to the complexity in 
gastrointestinal physiology and high individual 
variability, colon-specificity of these systems was not 
always reliable. And for time-dependent systems, 
variation in gastric and intestinal transit time may lead to 
premature drug release in small intestine or delayed 
release far down the colon9.  For pH sensitive systems, 
the limited difference in pH between distal intestine and 
colon sometimes does not allow for reproducible colonic 
delivery3. But due to the simplicity of the formulation of 
this device many marketed preparations utilize this 

approach. On prolonged use, these polymers may 
accumulate in the body so the use of biodegradable 
polymers is essential. Among CSDDSs, those employing 
microbial enzyme-triggering mechanisms seem to be 
promising to provide more reliable colonic delivery6,10. 
The most interested enzyme-degradable carriers for such 
systems are natural polysaccharides11,12,13, which are 
specifically hydrolyzed by the colonic microflora. The 
upper part of GIT, that is the stomach and the duodenum 
has a microflora of less than 103–104 CFU/ml. These are 
mainly gram-positive facultative bacteria14. The 
microflora of colon on the other side is in the range of 
1011–1012 CFU/ml consisting mainly of anaerobic 
bacteria, e.g. Bacteroides, Bifidobacteria, Eubacteria, 
Clostridia, Enterococci and Enterobacteria15 etc. This 
vast microflora fulfils its energy needs by fermenting 
various types of substrates that have been left undigested 
in the small intestine, for example di-and tri-saccharides, 
polysaccharide10,16. For this fermentation, the microflora 
produces a vast number of enzymes like glucuronidase, 
xylosidase, arabinosidase, galactosidase, nitroreductase, 
azoreductase, deaminase and urea dehydroxylase17. 
Because of the presence of these biodegradable enzymes 
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only in the colon, the use of bacterial degradable 
polymers for colon specific drug delivery seems to be a 
more site specific approach as compared to other 
approaches. The ability of natural polymers i.e. the 
polysaccharides, from algal origin (e.g. alginates), plant 
origin (e.g. pectin, guar gum), microbial origin (e.g. 
dextran, xanthan gum) and animal origin (chitosan, 
chondroitin) to act as substrates for the bacterial 
inhabitants of the colon together with their properties, 
such as swelling, film forming and their 
biocompatibility, biodegradability invites their use as 
colon-carriers. Single unit colon targeted drug delivery 
system may suffer from the disadvantage of 
unintentional disintegration of the formulation due to 
manufacturing deficiency or unusual gastric physiology 
that may lead to drastically compromised systemic drug 
bioavailability or loss of local therapeutic action in the 
colon. Recently, much emphasis is being laid on the 
development of multiparticulate dosage forms in 
comparison to single unit systems because of their 
potential benefits like increased bioavailability, reduced 
risk of systemic toxicity, reduced risk of local irritation 
and predictable gastric emptying18. Multiparticulate 
approaches tried for colonic delivery include 
formulations in the form of pellets, granules, 
microparticles and nanoparticles. The use of 
multiparticulate drug delivery systems in preference to 
single unit dosage forms for colon targeting purposes 
dates back to 1985 when Hardy and co-workers20 
showed that multiparticulate systems enabled the drug to 
reach the colon quickly and were retained in the 
ascending colon for a relatively long period of time. 
Because of their smaller particle size as compared to 
single unit dosage forms these systems are capable of 
passing through the GI tract easily, leading to less inter- 
and intra subject variability. Moreover, multiparticulate 
systems tend to be more uniformly dispersed in the GI 
tract and also ensure more uniform drug absorption20, 

21.Therefore the objective of the present study was to 
develop biodegradable colon targeted multiparticulate 
system by using guar gum. 
MATERIALS AND METHODS 
Neutral pellets were obtained as a gift sample from 
Murlikrishnan Pharmaceuticals Pvt. Ltd.Pune, India. 
Budesonide was obtained as gift sample from Mepro 
Pharmaceuticals Pvt. Ltd. (unit II), Wadhawan, India, 
and Guar gum (MW 220,000) was procured from 
Himedia Laboratories Limited, India. Other excipients 
used were of standard pharmaceutical grade and all 
chemical reagents used were of analytical grade. 
 
 

Preparation of coating solution for drug loading 
Budesonide was incorporated on non-pareils seeds by 
spraying budesonide in a solution in dichloromethane 
containing polyvinyl pyrrolidone (PVP 30K) as a binder 
and talc as antisticking agent. The coating solution 
parameters are stated in Table 2. The stated amounts of 
budesonide and PVP 30 K (Table 1) were dissolved in 
methanol solution separately. After mixing each solution 
for 30 minutes, these two solutions were mixed together 
and methanol was added up to the 100 ml volume. The 
coating solution was sprayed over the non-pareils seed 
by using INSTA COAT R & D Coater. During 
preliminary studies various combination of above 
mentioned composition were tried. 
Preparation of aqueous guar gum coating system 
To prepare the guar gum coating dispersion a guar gum 
(4% w/v) in ethanol/water or guar gum (1% w/v) in 
water/isopropanol (7/3) was used. Glyceryl monostearate 
and PEG400 were added to mixture as a glidant. Mixture 
was stirred 10 min until a fine homogenous dispersion 
was obtained. 
Coating of guar gum polymer coating solution to 
budesonide loaded pellets 
The non pareils for guar gum aqueous dispersion coating 
in 6-inch coating pan. The various coating parameters 
controlled during coating process are given in Table 2. 
Hundred grams of budesonide loaded pellets were coated 
with guar gum polymer coating solution by using the 
INSTA-COAT R & D coating machine. Samples of 
coated pellets were removed from apparatus at 10%, 
20%, 30%, 40%, weight gain coating level. Based on the 
in-vitro drug dissolution study and desired lag time the 
final coating level 40% weight gain was selected. 
Evaluation of guar gum coated budesonide pellets 
The guar gum coated budesonide pellets were evaluated 
for drug content, physical properties, scanning electron 
microscopic study and in-vitro dissolution testing. 
In-vitro drug release study for guar gum coated 
pellets 
The dissolution studies of budesonide loaded guar gum 
coated pellets  were carried out in a USP XXIII 
dissolution apparatus II (DA 6D Veego, TDT 08L 
Electrolab) at a rotation speed of 100 rpm in a 933.3 ml 
medium at 370 C. In order to simulate enzyme in GIT 
pepsin 0.32%w/v was added in the dissolution medium. 
The capsules  (n=3) are transfer to dissolution medium 
and samples were taken at selected time intervals, 
filtered through Whatman filter paper no. 41 and 
analyzed by UV spectrophotometer (V-530 Jasco) at 247 
nm for acidic medium and at 245 nm for phosphate 
buffer. The continuous dissolution method USP XXIII 
was used by simulating conditions of the GI tract. In this 
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study capsules were added in 700 ml of 0.1 N HCl (pH 
1.2) for 2 h. At the end of 2 h 233.3 ml of tribasic sodium 
phosphate was added to all the dissolution vessels and 
the pH was adjusted to 6.5 (1h), 6.8 (2 h) and 7.2 (till end 
of test) by using   2 M NaOH or 2 M HCl. To evaluate 
enzyme-triggered drug release of guar gum-coated 
pellets, at the end of 3 hours pancreatin, a rich product of 
colonic microflora in a concentration of 1%w/w was 
added into pH 6.5 phosphate buffers to simulate the 
degradation of polysaccharide by micro flora in the 
colon. 
Drug and excipients compatibility studies  
The drug with excipient guar gum (1:1 ratio) was 
subjected to storage at room temperature and elevated 
temperature of 400C and 75% RH for one month. 
Sampling was done at a predetermined time intervals of 
7, 14, 21 and 30days. The mixtures of drug and excipient 
was then evaluated by %assay by using double beam 
UV spectrophotometer (Jasco V-550) and IR spectra by 
FTIR spectrometer (Jasco 460 plus). 
RESULTS AND DISCUSSION 
Coating of guar gum coating solution to drug loaded 
pellets 
Coating with guar gum was done with different weight 
gain level. Depending on in-vitro study finally 40% 
weight gain was selected which was showing maximum 
drug release in 9 hours with 4.5 hours lag time. 40% 
weights gained coated pellets were further taken for 
evaluation.  
Drug content 
Drug content of all formulations prepared was 96% to 
98% and was found to be within limit. 
Physical properties 
Various physical properties were evaluated such as bulk 
density, tapped density, angle of repose, hausner ratio 
and loss on drying. Each formulation showed all physical 
properties within excellent flow properties limits. 
SEM study of guar gum coated pellets  
The morphology of the guar gum coated pellet was 
examined by the help of SEM analysis which is clearly 
shown in figure 2. 
In-vitro evaluation of guar gum coated pellets 
An outer guar gum coating can significantly slowdown 
the release rate, which negatively correlated to weight 
gain. Release profiles of the guar gum coated pellets are 
biphasic, typical of an initial constrained release and a 
later incremental release. Highly hydrophilic in nature, 
film coating with guar gum seemed to be able to retard 
initial budesonide release significantly, even at a 
relatively small weight gain of 40%. In-vitro evaluation 
of guar gum coated budesonide pellets was carried out by 
changing pH dissolution method with enzyme and 

without enzyme at different pH conditions like pH 1.2, 
6.5, 6.8 and 7.2 for 2, 1, 2 h and till end of study 
respectively.  
Without enzyme 
Study carried out without enzyme shows the drug release 
which is non uniform and in very low concentration. The 
retardation of drug release was due to absence of 
microbial flora and their degradation enzymatic products 
which are responsible for increase in redox potential to 
cause the degradation of biodegradable polymers. Drug 
release of 40% weight gain pellets was found to be 
below 10% and gradually increased up to 64% in 9 
hours. 
With enzyme 
In presence of enzyme pancreatin which was a rich 
product of enzymes in colon and the release rate was 
accelerated due to degradation of guar gum layer. Hence 
as soon as the addition of enzyme was done the drug 
release was markedly increased and finally about 96% 
drug releases was observed at end of 9 hours which was 
indicative of obvious enzyme-triggering 
mechanisms(Figure 3). The in-vitro evaluation clearly 
indicates that in absence of the enzyme drug release was 
retarded and in the presence of enzyme drug release was 
accelerated significantly. The variation in drug release 
pattern was due to the variation in microbial enzyme in 
dissolution medium which is the major disadvantage of 
the microbial controlled colonic delivery. 
CONCLUSION  
In the present study, Multiparticulate system for colonic 
drug delivery was developed and tested in vitro with 
enzyme simulating the GI condition without the use of 
rat faecal matter and scarification of animals as 
previously done in some studies. The coated 
multiparticulate shows release of the drug specifically at 
target site after suitable lag time and may contribute in 
the effective treatment of colonic diseases which need to 
be further proven by in vivo study. 
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Table 1: Composition for solution layering of drug 
 

Sr.No. Ingredient Quantities 
1 Budesonide 0.5 g 
2 PVP K30 3.5 g 
3 Talc 2 g 
4 Methanol 100 ml 

 
Table 2: Coating parameters for drug loading and guar gum coating 

 
Parameters Drug 

Specification 
Guar gum 

Specification 

Batch size 50 g 10 g (~100 capsules) 

Spray rate 0.5 ml/m 1.2 ml/m 

Nozzle diameter 1mm 1 mm 

Atomizing air pressure 2 – 3 lb/inch2 1 bar 

Air inlet temperature 55°C 60-650 C 

Pan speed 30RPM 30 RPM 

Coating efficiency 82.00 to 85.00 
% 

50-60% 

 

 
 

 
 
 

Fig 1: Dissolution profile of pellets coated with different percentage coating of 
guar gum. 
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Fig 2: SEM photograph of guar gum coated pellets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

Fig 3: In-vitro drug release of guar gum coated budesonide pellets with and 
without enzyme. 
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