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ABSTRACT

The unigugpharmacological and therapeutic applications ofgated drug delivery based research have gained its
popularity day by day. Targeted therapy delivers thiug at pathological site, increases the bioaadaility and
enhances therapeutic effect. Curcumin is a natpadyphenol molecule derived from the Curcuma longed for
the treatment of various diseases. It has poor \@adability and suboptimal pharmacokinetics. To noye its
applicability in the colonic diseases, we encapwdacurcumin by multiparticulate coating with inngoar gum
and outer Eudragit FS30D. Curcumin loaded multipardate based formulations were prepared and cheméred

for particle morphology, particle size, drug encalagion, equilibrium swelling studies, in-vitro dyurelease,
stability study and in-vivo histopathological stufty the treatment of ulcerative colitis. Our resshowed that
particles were of spherical shape with an averaige sange of 500 um with 72.5% encapsulation efficy. The
drug released was found to be 92.25% in rat caeoadium. The in-vitro release study demonstrate$ tha
encapsulation of curcumin by multiparticulate systeras successful in manipulation of human gastesintal
tract physiology. Results of the histopathologistaidy, clearly proves that encapsulation of curcumas found to

be the best therapeutic option for the treatmenticérative colitis.

Key words: Colon-targeted drug delivery system, multipaftite system, pH and microbial approach, curcumin,
guar gum, and Eudragit FS 30D, Ulcerative colitis.

INTRODUCTION

Over the years, due to lack of understanding oreagi@tion of the human colon was regarded as alesedrgan
which absorbs water and electrolytes. It is consideas a suitable site for the safe and slow ahiearpf drugs
which are targeted at the large intestine, desigoexttt systemicall{f!. Site specific delivery of drugs to the colon
provides major advantages to the diseases asabwitecolon® and protein drug delivef§). Colon targeted drug
delivery is expected to reduce their side effea$ ® increase the pharmacologic response. Foraited release
system, oral route of administration is the firebice because the physiology of our gastrointelstiaat (GIT)
allows us to design more varied dosage forms agaced to the other rout€% Moreover, oral route is the most
versatile and commonly employed route for systeatiton, due to its ease of administration, patmhpliance
and flexibility in formulation. Therefore, it appsathat oral colon targeted dosage forms with a@piate release
pattern could be very useful in providing effectttierapy for colonic diseas€s
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Figure 1. Schematic representation of drug releadeom Curcumin loaded granules using Eudragit FS30Cand guar-gum in colon

Although, colon targeted drug delivery is advantagein the treatment of various diseasexalrectal cancer,
Crohn's disease, ulcerative colitis, irritable bbsyndrome, and spastic col&h But drug delivery to the colon by
oral route is still a challenge for the researahez to its location at the distal portion of thenantary canal and is,
therefore, difficult to acces§. And in GIT, different enzymes and a wide rangeldfvalues are present (pH 1.2-8),
when dosage form is given, it has to travel throtlggse pH range and enzymes, before reaching tet tsite,
further complicating the reliability and deliverifieiency . There is misconception among the investigators that
they have understood the physiology of our GIT.,Bué reality is that the physiology of GIT is unestimated®

191 To knock off from this misconception, there is @eéo understand the pathophysiological conditiorte GIT
under diseased conditions. Pathophysiological ¢mmdi of a health ]oerson and patient sufferingnfroolonic
diseases might significantly differ from those I tphysiological state™. For instance, different types of bacteria
(e.g., bacteroides and bifidobacteria) are genenadesent in the healthy colon and able to degremlaplex
polysaccharides due to multiple extracellular gsidases'® ! However, in the disease state their concentration
of colonic bacteria can be significantly reduééd™. To overcome these problems, there is a need to makeng
bridge between the mechanisms of action and exBctpBysiology in diseased conditions. These miseptions
have been addressed by investigator by using \&tengeting approaches afug delivery systems as described in
the literature in order to provide such targeteshdtelivery to the colon i.e. time-based coloniegddelivery™®*€!

pH dependent colonic drug delivéty??, prodrugs approach for colonic drug delivEf#* polysaccharides based
colonic drug delivery?>?",

The study aims to find out the effect of the cotodélivery of curcumin on the subsequent dosebefdrmulation,
wherein combination of xanthan gum and guar gunmehzeen used for targeting. Aim is to give a sohutio the
problem of premature colonic release of the druthétreatment of ulcerative colitis. It was engisd to overcome
the problem by the dual-coating of curcumin. Dueheir potential therapeutic benefits, increaseshilability
and decreased side-effects multiparticulate bagsters were chosen for the formulation developné&ht®
Mixture of guar gum with xanthan gum is used iruecamin based core development and coating witlsttigion
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of guar-gum, determining its potential use in codpecific drug delivery systems coupled with areoudragit FS
30D coating. Particular aims included: Inner gunatowy and outer with Eudragit FS 30D consecutiwgito dry
granules Figure 1). The proposed approach will improve targeting dihug to the affected site and polysaccharide
degradation by colonic bacteria responsible forréhease of the drug from the coated tablets.

EXPERIMENTAL SECTION

The active material (Curcumin) was purchased fronP#tel Phyto Extractions Pvt. Ltd, Mumbai, IndBuar gum
having a viscosity of 5200-5500 cps and Xanthan guene obtained from Molychem Manufacturers (P) Ltd,
Mumbai. Eudragit FS 30D was an Evonik Industriesr(@any) product.

Preparation of drug loaded core granules

The granules of curcumin containing equal compasitf drug to polymer ratio were prepared by aghgnulation
method. The composition of curcumin, guar gum aadtlxan gum were at a ratio of 1:1:1 (15 gm each),
respectively. Polymers were passed separatelyughrsieves no. 80 and were mixed with curcumin.e Th
ingredients were mixed thoroughly in a V-cone bkmd

Inner guar gum coating of the prepared granules
The prepared granules were coated up to 20% wgtliaa gum dispersion of 4% w/w in ethanol/water (20%) in
an accela cota coating pan to a definite cumulatoaging weight gain. Cumulative coating weight wafculated

by,
(Final weight — Original weight)/ Original weight X00

After coating, the granules were dried for 5 h &t 6. The inner coating with guar gum offers an addil
protection to the multi particulate unit, untiistdegraded by microbial enzymes at the proximkdrco

Outer Eudragit FS30D coating of Guar-gum coated graules

Further, the guar gum coated granules were agaitedavith 40% of Eudragit FS 30D in an accela cniating

pan. Outer coating with Eudragit FS30D, works gisn@-controlled retardant and offers additionaltpation to the
drug released from its dosage form. In an introoiycstudy, a 15 to 20 % coating was capable of ptam release
of the drug at a stomach pH of 1.2. Coating ofdgrenules up to 40% retarded drug release at astinal pH of

6.8.

Filling of coated granules in hard gelatin transpaent capsules
The weight equivalent to 100mg of coated granufesuoccumin accurately filled in hard gelatin capsuin a lab
scale capsule filling machine.

Shape and surface morphology

Curcumin loaded multiparticulate were observed wradscanning electron microscope (SEM- Jeol, JSPBEL
Samples were prepared by sprinkling granules powdex double adhesive tape, which was stuck orusmirgum
stub, further it is coated with gold using a sputieater, and photographs of the samples were tkeshape and
surface morpholog§®'.

Particle size analysis

Particle size was determined using a laser diffvacparticle size analyzer, Malvern Mastersizere Tdoated
granules were suspended in the chamber of theclgasize analyzer containing distilled water, amel particle size
was determined using the software provided by taaufacturef*®’.

Determination of drug content and encapsulation ef€iency

Encapsulation efficiency is the amount of addedgdencapsulated in the formulation in terms of petage.
Accurately weighed formulated granules (100 mg)entnely powdered and dispersed in a 100 mL voluimet
flask containing buffer at a pH of 1.2. The samplese shaken 15 minutes each, with a resting pafiGminutes
each. They were left for 10 hours at room tempeeata equilibrate. After reaching the equilibriuthey were
centrifuged at 3000 rpm for 10 minutes. The comagioin of curcumin in the decanted Tris HCI buffgas
determined at 425 nm in a spectrophotom@éter
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Equilibrium swelling studies

Coated granules (100 mg) were placed in phosphdferisaline (PBS) at a pH of 7.4 and were allowedwell up
for 24 hrs to a constant weight. The granules widtered and changes in weight were recorded. Tégrek of
swelling @) was calculated according to the given formulagitelow,

a = Final weight — initial weight/ Initial weight ¥00

Preparation of fresh rat cecal content medium

Albino rats weighing from 150-200 g in range weedested for the present study. All the experimeptakedures
were approved by the Institutional Animal Ethicsn@oittee of Department of Sciences and Technologsta B
Institute of Technology vide Approval Number BIT/RMEC/06/2014. The animals were housed in the ahima
house in clean poly- acrylic cages and maintaineterday and night cycles at an average temperafi28+2C.
They were maintained on a normal diet (Bengal goanchased from local market and soaked in water).

All the experimental rats were treated with 1 mR8&6 w/v of guar gum dispersion for assessing tiseestibility of
guar gum to colonic bacterial degradation. The @doce of oral treatment was carried out for 7 daysrty
minutes before the commencement of the drug redestselies, six rats were euthanized. The abdomenopaned
and cecum contents isolated, legated at both oémlas, dissected and transferred immediately td afp7.4 PBS,
previously bubbled with nitrogen. A bag containtegum was opened, contents were weighed indiviguatioled
and suspended in the buffer continuously bubbldd witrogen to give a 4 % w/v dilution. All the almprocesses
were carried out under nitrogen in order to mamtmaerobic conditions.

In-vitro drug release of guar gum and Eudragit FS 30D coadegranules of curcumin using rat caecal contents
In-vitro drug release study was carried out in USP | (Hatske) dissolution test apparatus in the presafcat
caecal contents. However, a slight modificatiorihie procedure was done. The experiments were dastiein a
250 ml beaker immersed in water maintained in #ne ¢f the dissolution test apparatus. Six capsafiesircumin
were subjected to each of the vessels (beakersqinorg the dissolution medium. Dissolution studycarcumin
capsules was carried out in 150 ml of pH 1.2 HGfédauat 50 rpm at 37 + 0°& for 2 hours. Afterwards, the pH of
the dissolution media was adjusted to 6.8 usinghb6f pH 6.8 phosphate buffer saline and the siwdy continued
for up to 5 h. At the end of the fifth hour, the diee was degassed using nitrogen gas to removeritiisanlved
oxygen to maintain anaerobic conditions inside edium for 15 mins. 4% wi/v of freshly prepared catal
solution was added to the dissolution media andsthdy continued for up to 24 h under the contirsupurging of
nitrogen throughout the study. About 5 ml of sammplere withdrawn at the time interval ranging frérg-24.0 h),
respectively, from the dissolution medium and wesglaced by the fresh medium which was maintainedeu
anaerobic condition. All the studies were repeatrdimes and the mean data was recorded.

Stability of dual-coated granules

Stability studies were carried out according to I@tidelines. In this study, coated granules wergeskin
aluminum packaging coated inside with polyethyleard three replicates were kept in a humidity chemmb
maintained at 40 +°2C and 75 + 5% RH for three monthSamples were collected after three months of géora
and analyzed for drug content aimdvitro dissolution rat®. After successful completion of 90 days, the sample
were subjected to dissolution studies as per thbededescribed above to verify whether any chairgegssolution
profiles took place due to stability issues.

I n-vivo evaluation of multiparticulate coated granules of arcumin

Experimental Design- Induction of colitis and Treatment Schedule

Ulcerative colitis was induced by the use of dilatetic acid. Rats were anesthetized with a dosésafng/kg

ketamine injected intraperitoneally. A flexible gli@ catheter with an outer diameter of 2 mm wasntimserted
rectally into the colon with the aim to place thetheter tip 8 cm proximal to the anus. Colitis vieduced by

intracolonic instillation of 2 ml/day 2 % v/v acetacid with 24-hrs interval for three constitutidays. Injected rats
were maintained in a head-down position for 2 nigngrevent solution leakage.

The animals were randomly divided into three groepsh of six animals. After induction of ulceratilitis in
rats, they were subjected to 17 days of dosingpgefihe dosages were freshly prepared every dasubgending
the drug/ formulation in water and administereddogl gavage needle once daily. The distributiomgmfups and
dosage schedule are givenrable 1).
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Table 1 Distribution of animals with dosage scheda

Groups No. of Animals Treatment Dose (p.o)
Group-I 6 Normal control 50 ml/kg
Group-Il 6 2 %vl/v Acetic acid 2 ml/kg (intracolonic)
Group-lll 6 Curcumin-powder + 2 %v/v Acetic acid 500mg/kg+Zml
Group IV 6 Formulation of Curcumin +2 %v/v Acetic acid  500kgg+ 2ml/kg

Histological evaluation

Animals were sacrificed at the end of the 17 dagatiment and colonic tissue samples were takerfiged in
freshly prepared 10% formalin solution. The samplesre examined histopathologically to study thei-ant
ulcerogenic effect of various formulations used tloe treatment of UC as mentioned in table 1. Thasverse
sections of colonic tissues were taken and embeddeparaffin blocks. These sections were staineth wi
hematoxylin and eosin. The slides were examinedrasdopically for patho-morphological changes sush a
congestion, hemorrhage, inflammation, erosion dedration in the mucosal, submucosal, muscular serdsal
layers of colon specimen.

RESULTS AND DISCUSSION

Granules characteristics and drug content efficieng

The film coating with guar gum aqueous dispersivas very difficult because of its high viscosityture. A low
concentration of 1%w/v of guar dispersion spraydthwgpray gun in accela cota was used. Drug cordedt
encapsulation efficiency are important parametersvialuate the drug content of multiparticulatengtes. Drug
content of the GG/Eudragit FS 30D coated granulesi@cumin was found to be 72.5%.

The average particle size of the coated granulesfawnd to be 500 pnfigure 2). As the main objective of this
study was to investigate the effect of guar gum Bodragit FS 30D coating, the drug layer was desigwith
instant and prolonged release characteristics.

In-vitro drug release study

The core of the granule containing curcumin wasgoated in an accela cota pan coater with guar gad
Eudragit FS 30D. In the preliminary studies, mdrant 80% of the drug was released within 1 hours Type of
burst release is not accepted for drugs that apgned to be released at a specific site or lodalthe colon.

In-vitro drug release profiles of coated granules with guen showed a biphasic release with an initial tbased

delay due to highest viscosity of gum. As the cagatevel is higher, drug released profile is sloagsrcompared to
uncoated granules. As the viscosity of the guan guncreased, when it came in contact with watestétrted

swelling and a gel like film was formed. This gddel film acted as a diffusion barrier around theecdnce water
penetrates, a porous structure was formed and mimchegan to diffuse outside the protective barri€he drug

release was found to be 35 % within 1 hour.

In the third part of dissolution investigation, gugum coated curcumin was coated with a pH semsitivating
polymer Eudragit FS 30D for the successful delivairgurcumin to the colon. It is mandatory to minthe entire
pH of the GIT to overcome the premature and pretoloelease of drugs from its formulation. In theusture of
improved colon targeted drug delivery, the inneatocwy of granules with guar gum will act as timéease drug
delivery and the Eudragit FS 30D coating will astaapH dependent drug delivery system. There wadrag
released in the first 3 hours of this study. Raéfegrto the double coating of granules with guamgand the
Eudragit FS 30D drug releases, experiments weredaout for 24 hours in an anaerobic media comgid % w/v
of rat caecal contents. Threvitro drug release study of the multiparticulate coaingcumin granules showed that
only 3% of the drug was released in simulated gastnd intestinal fluids. After 5 h, cecum contemisre
introduced and the cumulative percent drug relezsefound to be 17.5 %. The total amount of curcuraieased
from coated granules was found to be 92.25% aftdr Eigure 3).
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Figure 3. In-vitro drug release study of Curcumin loaded granules usg Eudragit FS30D and guar-gum
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In the pH dependent systems, polymers are baseitheodifference in pH levels along the GIT. The psie
specificity of pH dependent systems due to a larggation in the entire pH of the GIT has been vergll
established®® % Although, there are various delivery systems predsut microflora activated delivery systems
have been found to be the most promising. The riagittase of the bacteria population and associetegmatic
activities in the ascending colon represents aauwninuous event independent of Gl transit time phd™" 3
Therefore, in light of premature and pre- colorporganeous release of drug from its dosage forme, koeir main
concern was to developed safest and effective dalgeted drug delivery of curcumin.

Researchers reported that polysaccharides fromn#teral source (such as xanthan gum, guar gunpseit
pectins, etc.) showed synergic effects for colaiey delivery®?. These polysaccharides are not affected by acidic
pH of stomach and alkaline pH of small intestinegiadation only starts in the presence of the st
aerobic microflora of the colon (for example, bagiges, bifidobacteria, and eubacteria) to smaller
monosaccharide§¥. On the basis, of polysaccharides based drug efglisystem which is non-digestible and
fibrous in nature, act as prebiotics. These préfsotarrier can only degrade in the presence ofrgatestinal
microflora. Most of the polysaccharides basedieasystems are either in matrix or compressiortetbaablet
form 1+ 3! But, the best thing about these systems is stwicantrolled release of drug from its dosage foBy.
understanding of the intestinal environment we t®ed our rationale. In the present investigatiomavel
multiparticulate colon-specific drug delivery ofrcumin has been developed by inner coating withr guan. The
natural gums coating (guar gum) play an importatd r.e. in intestinal conditions to allow its rage only in the
colon and also serve as prebiotics to provide tinrico the colonic bacteria that are responsiblettie removal of
the protective covering formed by the gums. Outet ©f granules with Eudragit FS 30D, are stablgastric pH
and releases in ileum or colon ascendant startigoél. Dynamic nature of Eudragit FS 30D givestg¢ction to the
drug and allow for the site-specific delivery ofigs to the coloff®“.

The dual-coating multiparticulate system was basedhe presumption that targeted release wouldroccthe
colon because colonic micro flora would assist igesting 'polymeric coating' of the curcumin, ame touter
Eudragit FS30D coating results in release of theydit particular colonic pH. It was presumed ttidbnic micro
flora would not be affected by the drug releasethencolon and only diseased would be affecteds Wais a cause
of concern to inventors. Therefore, for an effextiand targeted drug delivery of the drug via omlte, an
innovative system is disclosed.

Stability studies

Stability studies of the multiparticulate granulesre carried out at 40 £Z and 75 + 5% RH for three months to
assess their potential utility. After storage forele months, the granules were subjected to drotgobandn-vitro
dissolution studies. Results of the stability ststhpwed that there was no marked difference in dargent and
dissolution profiles of granules before and afterage.

Histological examination

Light micrograph of middle colon suggested thatphthological changes were seen among the diffgrenips by
different treatments given. Microscopy study sugggshat the colon shows intact mucosa lined bydyiéar
epithelium [Fig.4 (A), Long Arrow] and the muscultyer [Fig.4 (A), Short arrow] and serosal laygpear
unremarkable. Diffuse ulceration of the colonic m&e with loss of lining epithelium was observecase of 2%
WI/V acetic acid treated rats [Fig.4 (B), Long Arfjowlhe submucosal layer shows moderate edema with
inflammatory infiltration [Fig.4 (B), Short Arrow]The muscular and serosal layers appear unrematk8bttion
studied shows intact colonic mucosa with intadnknepithelium [Long Arrow, Fig.4 (C)]. The submwszd layer
[Short Arrow, Fig.4 (C)], muscular and serosal @yappear within normal limits. Section studiedshdntact
intestinal mucosa (Long Arrow, Fig. 4 (D)]. Intenmeg the glands in the mucosal layer, there aren seid
infiltration by inflammatory cells predominantly mprising of lymphocytes, plasma cells, and macrgekaThe
submucosal layer shows moderate edema (Short ArFogv4 (D)]. The muscular and serosal layers appear
unremarkable.
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Figure 4. Histological view of transverse sectionf@olonic specimen prepared and stained with Hemakglin—eosin stain as seen under
light microscope at 50 x magnification (A) Normal ontrol (B) 2 %v/v Acetic acid (C) Curcumin-powder +2 %v/v Acetic acid (D)
Formulation of Curcumin +2 %v/v Acetic acid

CONCLUSION

In this present study, novel multi-particulate lwhégermulation system was developed for the cologated drug
delivery system. In this system, drug release [@®fivere controlled by using both natural as wsllsgnthetic
polymer. The double fold coating approach of grasulere aimed to target drug delivery to the inéidneolon
while preventing the burst release of drugs ingfoenach and small intestine. Multiparticulate cadafrug delivery
was developed and testedvitro simulating the colonic condition by using cecal teort medium. Film coating
with guar gum was successfully performed using gqureaus dispersion of guar gum. Furthermore, unchatignt
pH conditions (pH=1.2 for 2 h; pH=6.8 for 5 h; pH4Tor 24 h), it was observed that after changhegpH of the
medium to 6.8 and adding rat cecal contents, delgase was accelerated. The coated multiparticshstem
showed release of the drug specifically at theetasife after suitable lag time and may contriintéhe effective
treatment of colonic diseases, which needs to baduproven byn-vivo experiments. The outcomes of the study
showed that it was successful in minimizing theask of the drug off target area (pH 1.2 and é8)ta maximize
the release of the drugin target area (pH 7.4),ickvhis the primary requirement of colon specific
targeted drug deliveryin-vitro drug released study of pH and microflora activatetbn-targeted drug delivery
systems of curcumin gave a good indication and Higgree of protection and prevention of drugs fittmdosage
forms. Outcomes of thi@-vivo results have shown that encapsulation of curclbyimultiparticulate coating were
successful in the treatment of ulcerative colitigthaut premature release of the drug. In conclusitre
development of a multiparticulate based colon t&delrug delivery method is a good approach foorcohrgeting
of various drugs. Multiparticulate based formulatimay be further helpful for the pre-clinical anihical trial
study.
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