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ABSTRACT

Enteric coated gelatin capsule device containingrggum (GG) microspheres loaded with 5-fluorourg&iFuU)
were developed. 5-FU loaded GG microspheres prephgewater-in-oil (w/o) emulsification method arwdding
of 5-FU done by both soaking and in-situ techniqadesing emulsion cross linking procedure. Absenée o
interaction of 5-FU with polymeric matrix and theoss linking agent was confirmed by Fourier tramsidnfrared
(FTIR) spectral study. Thermal studies confirmeel stability and molecular level dispersion of 5-KJpolymer
matrix. Swelling experiments revealed that externtteds-linking led to formation of more rigid misgheres and
reduction of swelling behavior. In the present gtud-FU loading was 11.28, 3.55, 12.25 and 4.62i% wespect
to GG microspheres at 1.5 h and 3 h with soaking amsitu technique respectively. Enteric coatedisatile
capsule device of 5-FU loaded guar gum microspherere developed and further, in-vitro release stadivere
conducted at pH 1.2 and pH 7.4 to simulate actu8FQgastrointestinal fluid) and GIT (gastrointestirtract)
condition respectively. The results indicated thateric coated capsule device significantly lowtes initial burst
effect when compared to microspheres formulationioiGtargeted release of enteric coated capsuldcdewas
achieved successfully over the time period of 2—-8 h

Key words: Guar gum, 5-fluorouracil, microspheres, targetedydielivery

INTRODUCTION

Over the past few years, colon targeted drug dslitechnology have gained increased interest wioempared to
other regions of gastrointestinal tract (GIT). Té@on has nearly neutral in pH, longer transit tiema reduced
enzymatic activity which makes drug absorptiondrettin order to achieve a successful targeteidatglof drug to
the colon via Gl tract, it needs protection of dfugm degradation and release of the drug in stbnzad small
intestine [1-3]. Present day’'s colon targeted dieivery systems are very useful for local treatmefindiseases
such as ulcerative colitis, crohn’s disease, btédbowel syndrome (IBS) and carcinomas and cotmter. Among
the different methods attempted to deliver drugngipolymers which are degradable in the colon, ileeendent
devices [4],coating the drug with a pH sensitive polymer [5, Bcterially triggered [7,8] and osmotic pressure
controlleddrug delivery systems [9] have shown promising ltsstiowever main drawback with these systems is
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their nonspecific nature or burst release of drugtomach/small intestine leading to toxic effeantsl increases in
cost of treatment. To overcome this problem, varipalysaccharides such as Chitosan, pectin, amytada, GG,
chondroitin sulphate, cyclodextrin, dexran, sodialginates etc. [2] along with their blends or cosipes [10-12]
have been used for colon specific release.

GG is a naturally occurring nonionic polysacchariderived from the cluster bean seeds, Gymompsis
tetraganolobur C. psoraloidesStructurally it comprises long straight chainDeimannose units, linked together
by (1—4)-B-D-mannopyranosyl units wittrD-galactopyranosyl unit joined by af1—6) glycoside linkage [13]. It
has gained increased importance due to its cheraihlbiological properties such as non-toxic, eailability
and biodegradability. It has wide range of appil@a in pharmaceutical sector as thickening agbimder,
disintegrant as well as stabilizing agent [14, Mny reports are available for the use of GG andifred GG for
oral delivery of drugs [16-20].

5-FU is a pyrimidine analogue, most commonly usedancer therapy which inhibits synthesis of thyytdate
synthase. Interrupting the action of this enzymecks$ synthesis of the pyrimidine, thymidine [2%&hich is
essential for DNA replication. The goal of the mmiswork was to prepare 5-FU loaded GG microsphanesto
develop enteric coated capsule device to investigatrelease pattern for 5-FU. 5-FU loaded GG osigheres were
placed inside gelatin capsule coated with cellubrsetate phthalate (CAP), so that entire systeridavelease of 5-
FU in upper GIT and small intestine (pH 7.4), cdpdases its enteric coating and pH sensitive basettix starts
to release 5-FU in a controlled manner.

MATERIALSAND METHODS
MATERIALS
Guar gum (GG), tween 80 and glacial acetic acicevpeocured from Merck specialties Private Ltd, Mamindia.
AR grade glutaraldehyde (GA) (25% (v/v) used asos< linking agent was procured from Spectro ChetnlRd.
Mumbai, India. Light liquid paraffin oil, span-8@gtroleum ether of AR grade were all purchased f&ib Fine
chemicals, Mumbai, India. Water used was produdedreverse osmosis water system with double dititith
(Merck Millipore). Gift sample of 5-FU was obtainf@m Biochem Pharmaceutical Industries, Mumbaijdn

Oil Phase
Uniform mixture of GG in Light paraffin

Span 80
tween 80 + 1ml acetic acid l /

Stirred at 1000 rpm

Glutaraldehyde

-

Emulsification

1.5h/3h

formation of microspheres

l

Separation & Drying

Fig. 1. Flow chart for preparation of GG microspheres
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Preparation of GG microspheres

The GG microspheres were prepared by emulsificdtiowed by cross linking method with GA. In a tgpl
procedure (see Fig.1), required quantity of GG diapersed in tween 80 solution. (1% wi/v) and alldowe swell
for an hour, then 1ml acetic acid and 1ml dilutépburic acid were added, stirred thoroughly to getuniform
mixture. This mixture was dropped to 100 ml ligiuid paraffin at 56C containing span 80 (0.5% w/v) as an
emulsifier. This suspension medium was stirred wefion blade using laboratory stirrer (Remi lalrrsts,
Mumbai, India) 1000 rpm for 10 min, 1ml GA (25%)teacted in 2ml toluene was added and stirred 5y 3.0 h.
Microspheres obtained were washed with petroledrareand then distilled water to remove excess Gé\tareen
80 solution adhered to microsphere surface; Toyed-FU loaded microspheres, same procedure atibptes-
FU in solution form was added to GG solution.

Drug loading by soaking technique

Drug loading was also done by soaking techniquexiiiam percent upto 50 of 5-FU loading with respctry
weight of the polymer was performed in order to ad® the best method for drug loading. Accurateljghed
microspheres were soaked in saturated solutionFlf) ®vernight[17] The drug loaded microspheres witered
and washed with water to remove the adhered drugudace of microsphere and then dried in a vacdasiccator
and kept in desiccator until use.

Char acterization of microspheres

Particle size analysis and mor phological study

The mean patrticle size of microspheres was deteaniny optical microscopy by measuring nearly 50tdcenly
selected microspheres. The surface morphology efnticrospheres was observed by SEM (JEOL model JSM-
840A, Japan). The microspheres were depositedassthrold and sputtered with gold and acceleratidtage used
was 10 kV, images of microspheres were taken bgaanscanning of the stub.

Swelling Studies

The swelling behavior of cross-linked empty mictosges was determined by measuring the change rinetiéa of
the microspheres in phosphate buffer (pH 7.4). fieroscopic technique was used to determine thenexf
swelling [22]. In this method, the dry microsphewgthout containing drug were immersed in a cawstch glass
containing phosphate buffer for an hour; the chaimgdiameter of the microspheres was monitoredegtilar
interval of time, diameter of swollen microspherasanoted. Experiments were repeated thrice ancgvbeage
values were considered for data treatment and letilcu. The percentage swelling of the microspheses
calculated from the formula,

% Swelling = ——2 X 100
DO
whereD; is the diameter of the swollen microspheres at tiandD, is the initial diameter of the microspheres.

Fourier transformsinfra-red (FTIR) Spectral study

The FTIR spectral studies were performed using im&thzu spectrophotometer (model 8400S, Tokyo, Japan
About 2 mg of samples were finely ground with KBrdathe pellets were prepared under a hydraulicspresof
600 Kg/ cni. The spectra were taken in the range 400-4000.cm

Thermogravimetrc analysis

Thermogravimetric analysis of the samples was edrout using a Thermogravimetric Analyzer (Univeksé 5A

TA, Instrument Newcastle, USA). Known quantity odngple was placed on an aluminium pan and the
measurements were conducted at a heating rate 0€ I@in* from room temperature to 6(C. Differential
scanning calorimetric (DSC) analysis were performaddifferent samples to determine dispersion efdhug in
polymer matrix. DSC measurements were performenigusiDSC-60 (Shimadzu, Tokyo, Japan) and samples we
heated at the rate of 2G/min. These measurements provide quantitativeqamditative information about physical
and chemical changes that involve endothermic (absborbed) or exothermic (heat evolved) processashanges

in heat capacity.
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Content Unifor mity

Microspheres were evaluated for 5-FU content. Aaimly weighed quantity (50mg) of the microspheres w
suspended in 10ml buffer solution (pH 7.4) for authat 45°C and the swollen microspheres were crushed in an
agate mortar with pestle and the whole solution trassferred to 50 ml volumetric flask, diluted tgpmark with
same solution, kept for 24 h for complete extracti®olution was centrifuged at 5000 rpm and supganaolution
was collected, analyzed spectrophotometrically @ 2m by using LABINDIA UV 3000+, Mumbai, India.
Percentage of drug loading and % encapsulatiociefity was obtained by using equations 1 and Zotisiely.

_ Quantity of drug in the microspheres
% Drug Loading = X 100---------- (1)
Quantity of microspheres taken

Actual drug loaded

% Encapsulation eficiency = hearitical load X100 ======---- (2)
earitical loading

Development of pulsatile capsule device

The pulsatile capsule device was prepared accotdirige method adopted earlier [23]. Known amanb-FU

loaded GG microspheres were placed inside theigatapsule by hand filling. The joint of the capsblody and
cap was sealed with a small amount of (5%) ethjlilose ethanolic solution. The sealed capsuleswempletely
enteric coated with 5% cellulose acetate phthgl@#eP) in 8:2 (v/v) mixture of acetone: ethanol bip d¢oating
method. Coating was repeated until a 13 to 15 p¢meight gain was attained.

Invitro drug release study

In-vitro drug release studies of 5-FU loaded GG microsphasewell as enteric coated gelatin capsule devase
carried out by using digital Tablet Dissolution Tespparatus (Veego Instruments, Mumbai, India) Sight
station, as per USP standards which is operateiD@trpm and at 37C. Known amount of 5-FU loaded GG
microspheres/ pulsatile capsule device were plagside the cellulose acetate dialysis membrane Hzagng a
molecular weight cutoff between 12,000 and 14,0@0 The bag was tied with the cotton thread, plaosidie the
disso basket having the mesh type pattern in dadavoid the floating of the dialysis bag. Diss@uatstudies were
carried out in 900 ml simulated gastric fluid (SGF2M HCI/KCI buffer, pH 1.2) for first two hourstmimic
gastric emptying time and then the medium was @chiwff and replaced with SIF (pH 7.4). A 5ml ofgalot was
withdrawn at predetermined intervals and replac&tt same volume of fresh dissolution medium. Thengas
were analyzed for drug content by measuring absadat 266 nm using UV spectrophotometer (LABINDJX
3000+, Mumbai, India).

RESULTSAND DISCUSSION

Characterization of GG microspheres

The SEM photograph of 5-FU loaded GG microspherghisvn in fig. 2. Microspheres produced in thiseesh
were almost spherical in shape with spongy strechaving average particle size of 125+50um. Theawrdor
getting almost uniform particle size is due to atd@pemulsification technique using over head stikith constant
stirring speed of 1000 rpm.

Content uniformity and % encapsulation efficiency

Results of % drug loading of various formulatiome gresented in table 1. Effect of extent of ciodeng, i.e.,
time duration of exposure on the entrapment efiicyeindicated that with increased cross-linkinggeftapsulation
efficiency decreased. Cross-linked GG microsphates.5 h and 3 h with soaking and in-situ technighewed
11.28+10.37, 3.55+1.07% and 12.25+0.51, 4.62+3.7@%g loading respectively. Lower drug loading were
observed for both in-situ and soaking methods gl cross linking time of 3 h when compared totteh cross
linked matrices. This is due to high swelling nataf microspheres and water soluble property otJ5ekiring
water wash process. The results comply with previmeports regarding lower entrapment efficiencysefU
formulations [24, 25].
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Fig. 2. SEM photograph of 5-FU loaded crosslinked GG microspheres

Table 1. Results of % of drugloading, % of swelling of 5-FU loaded crosslinked GG microspheres

G nGv?/v) u seGd? mi) Crngell{lhlglng Method % 5-FU loading % swelling
3 1.0 15 soaking 11.28+10.37 83.33+25.86
3 1.C 3 soaking 3.55+1.0° 65.39+23.7
3 1.0 15 In-situ 12.25+0.51 80.48+22.73
3 1.0 3 In-situ 4.62+3.78 64.45+18

Swelling studies of microspheres

Rate of drug release and penetration of water tfirahe polymer depends upon the rigidity of polyrasmwell as
an extent of its cross-linking ability. SwellingHzsior of GA cross-linked GG microspheres has beadied by
measuring the diameter of the microspheres at fcplar time interval. The swelling pattern of csoknked
microspheres at two different cross-linking time,i.1.5 and 3h at constant temperature is showimeitiig. 3. The
plots indicate that microspheres swell as soon tl@ye into contact with phosphate buffer (pH 7)e result also
indicates that as the cross-linking duration inseel the resultant swelling capacity of the michesps decreased.
This is due to the increased rigidity of the migiosres at longer cross-linking time.

90
80
70 4
60 -
50 o

40 1 —e—15h

30 1 —@-3h
20 -

10 4
O T T T 1
0 20 40 60 80

% Swelling

Time (min)

Fig. 3. Plot of % increasein the diameter V/s swelling timefor GG microspheresat 1.5 h (¢) and 3h (m)

FTIR studies
The microspheres were prepared by emulsion cra&mg of GG with GA. Free hydroxyl (-OH) groups GG
reacted with GA to form an ether linkage.

FTIR spectral analysis were carried out to conftima cross linking of GG microspheres by GA as vesllto
confirm the absence of chemical reaction betweeg dnd polymer. The FTIR spectra of (a) GG, (bgsrlinked
GG microspheres, (c) 5-FU entrapped GG microsplemdgd) 5-FU are shown in Fig. 4. In case of pla@, the
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characteristic O-H and C-H stretching vibration valiserved at 3425.34 ¢h2923.88crit respectively. The C-H
and O-H bending vibration appeared at 1419.5%amd 1018.34 cthrespectively. The appearance of a sharp peak
appears at 1257.50 &nin the spectra of the cross-linked microspheresinus the formation of ether linkages due

to cross linking reaction.

5-FU showed the characteristic N-H stretching ban@110 crit and C=0 and C-N stretch at 1720 tand 1651
cm?, CH in plane and CH out plane were observed a012dd 892 cil respectively. When the drug was
incorporated into the cross-linked GG, along witle tharacteristic bands of the cross-linked GG osjuneres,
additional peaks have appeared due to the presérie€U in the matrix. The characteristic band$dfU such as
C=N- stretching and C=0 stretching vibrations appeat 1644 cihand 1743 criirespectively, in the drug loaded
matrix without any change. This indicates that 5-@d not undergo any chemical changes while praduthe

microspheres and it supports the literature dah [2

\ﬂ A

N\—/ R ™ al Jwﬂ\ f\/\/\ M

a

% Transmitance

'
T T T T T T T ! f
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

s1 1/em
Wavelength(Cm™)

Fig. 4. FTIR spectra of (a) GG, (b) 5-FU (c) crosslinked GG microspheresand (d) 5-FU loaded GA cross-linked GG microspher es.

Differential scanning calorimetric studies
The DSC of GG, pure 5-FU, GA cross linked GG miptexes and 5- FU loaded GG microspheres are shown i

fig. 5. An endothermic peak of pure GG was obserte®0.56°C, which represents its glass transition tempegatur
(Tg) of the GG, and sharp exothermic peak at ¥5%orresponds to the decomposition temperatureer Aftoss
linking with GA, the endothermic peak was shiftedhigher temperature when compared to the pure 5.
indicates cross-linking of polymer with GA and thigidity of polymer matrix at higher temperature. dase of 5-
FU loaded GG microspheres, it showed additionab#emic peak at 297.4% which suggests the crystalline
form of 5-FU in the microspheres.
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Fig. 5. DSC of (a) 5-FU, (b) GG (c) crosslinked GG microspheresand (d) 5-FU loaded GA crosslinked GG microspheres
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Fig. 6. Thermogram of (a) GG, (b) 5-FU (c) cross-linked GG microspheresand (d) 5-FU loaded GA crosslinked GG microspheres

Thermogravimetric analysis

The therogravimeric analysis of pure GG, 5-FU, srasked GG microspheres and 5-FU loaded GG mitresgs
have been shown in fig. 6. Pure GG showed two siaight loss. The weight loss was observed at at@afC

and up to 126C due to presence of traces of water molecules3rad maximum mass loss was observed between
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281.73°C to 313.52C (46.12%) may be due the loss of -OH group ofGi& 5-FU showed a weight loss at 2€8

followed melting and decomposition. In case of srtisked GG, lower weight loss (33.64%) attributesthe

decreased rate of degradation and increased yigiditpared to that of GG. 5-FU loaded GG microsphshowed
higher weight loss of about 40.54% indicating tliespnce of 5-FU in the GG microspheres. Thermogatso

reveals that there is no alteration in the meliomt of 5-FU, hence absence of any side reactswéen 5-FU and
polymer or with cross linking agent.

Pulsatile capsule device

In this research, a pulsatile capsule device wasldped for the purpose of targeting the 5-FU ®d¢blon. Known
quantity GG microspheres loaded with 5-FU weredilin a zero size gelatin capsule by hand fillingthnd. The
joint of the capsule body and cap was sealed wimall amount of the 5% ethyl cellulose ethanatiison. The
capsule was dipped into 5% CAP solution in suchag that capsule dips completely for 3-5 secondslfasvn in
figure 7). The process was repeated few more tuméswe got the good coating which could avoidsdisition of
capsule in acidic media.

Fig. 7. CAP enteric coated gelatin capsule containing 5-FU loaded GG microspheres.

In-vitro drug release studies

In vitro release data of 5-FU loaded cross linked GG mpdrees at 1.5 h and 3 h with soaking and in-situ
technique and from their pulsatile capsule deviaeehbeen shown in figure 8a, 8b, 8c and 8d resmdgti5- FU
loaded GG microspheres were inserted in the getafpsule by hand filling and enteric coated withPCin order

to provide the protection from the release of 5iWpper GIT i.e. acidic environment.

In vitro release studies were performed using a digital éidbissolution Test Apparatus which is operatedCf
rpm at 37C. The release studies were carried out for alfdlie formulations in triplicate. As shown in fi§a and
8b, in case of 5-FU loaded microspheres, all thie formulations showed higher amount of releasdiwithe first
2h. This may be due the enhanced swelling propér§G microspheres. Cumulative release of 66.1450®5.74
and 45.75% of the drug has been observed with cespes-FU loaded GG microspheres at 1.5 h andvdth
soaking and in-situ technique during tH& 2 The reason for this is the high swelling propef GG microspheres
in acidic pH so that as the microspheres swelksjrtbhreased release of 5-FU has been observedsiaf enteric
coated pulsatile capsule device, 3.57, 6.84, 1arR67.08% of cumulative release has been obseorepufsatile
capsule device of GG microspheres at 1.5 h andwitth soaking and in-situ technique at the time f2 and
maximum release of 76 to 84% was observed at fHe 8 cumulative release of pulsatile capsule deufc5-FU
loaded GG microspheres at 1.5 h and 3 h with sgadnd in-situ technique are shown in fig.8c and 8d.
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Fig. 8a. Invitrodrug release profile of 5-FU loaded microspheresat 1.5 h (#) and 3 h (m) with soaking method
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Fig. 8b. In-vitro drug release profile of 5-FU loaded GG microspheresat 1.5 h (¢) and 3 h (m) with in-situ technique
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Fig. 8c. In-vitro drug release profile of pulsatile capsule device containing 5-FU loaded GG microspheresat 1.5 h (¢) and 3 h (m) with
soaking method
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Fig. 8d. In vitro drug release profile of pulsatile capsule device containing 5-FU loaded GG microspheresat 1.5h (¢) and 3 h (m) with in-
situ technique

CONCLUSION

In the present study, enteric coated capsule auntni5-FU loaded GG microspheres were developed:dton
targeted drug delivery. GA cross-linked GG micramels were prepared by water-in-oil (w/o) emulstfara
method. Drug was inserted in the matrix by soakiagvell as in-situ technique. The gelatin capsulee enteric
coated with CAP to overcome the problem of gagniptying. The effectiveness of the pulsatile capsigvice was
confirmed by anin-vitro release study. Prepared formulations successfubtihibited the drug release in acidic
media and showed sustained discharge in the colo@.technique adopted for development of pulsa@psule
device was very simple, economical and the ressuised for the development of the pulsatile capdenéce, i.e.,
coating material CAP and gelatin capsule, were amaatand eco-friendly. This system could be useatitg for
drug delivery. The results showed decreased dexjrewelling and lower drug loading with increasedss linking
time. FTIR studies confirmed the stability of 5-FuUmicrospheres, whereas the thermal studies TGARSBC of
microspheres confirmed the rigidity and crystallimeture of the 5-FU in microspheres. The developgdatile
capsule device may act as potent vehicle for tadgdelivery of drug to the colon. However, additibdetailed
investigations andh-vivo studies are required to be carried out to evaltetefficacy of these formulations.
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