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Abstract: lonotropic gelation method was used to entrap pleten (KP) into calcium alginate beads. KP is
one of the non steroidal anti-inflammatory drugSMIDs); it has a short half life (1.5-2 h) and defeous side
effects on GIT such as irritation and ulceratiomaBs were investigated in-vitro for possible sunst@idrug
release and in-vivo as a gastro-protective systemKP. The curing time of beads in CaGlution was
determined and process variables, such as polyomeeatration, polymer/drug ratio and co-entrappagmers
(Gelatin (G), Hydroxy propyl methyl cellulose adetasuccinate (HPMCAS) and ethyl cellulose (EC)) ever
analyzed for their influence on bead properties.tif@nbasis of differential scanning colorimetry @Sand IR-
spectroscopy, alginate was found to be compatilile MP. Scanning electron microscopy (SEM) photpbsa
showed that the prepared beads were sphericalmalll @bout 1 mm diameter) with small cracks arsdures
on the surface. KP encapsulation efficiencies vimgh (>90%), also results showed that, releaseleriof 0.1M
HCI (pH 1) was slow. while in phosphate buffer (pt#4), complete drug release was exhibited for all
formulations within 2 h. There was no improvememt@erning the retarding of drug release with cossged
polymers. The mechanism of release was dependiisgveling and erosion of beads. The swelling betrawvias
strongly dependent on pH of the medium; such a phkiive swelling could be advantageous for orally
administered drug vehicles especially for acid geesdrugs or drugs that have adverse effects th Ghe
Ulcerogenic effect of the free drug on the stomaels compared to that of drug encapsulated in algibeads
using rats. Results showed a significant mucoptiote@ffect of alginate beads compared to the thegy. In
conclusion, alginate beads can be used as entedted formulations rather than ideal sustainedasele
formulations.

Keywords: Ketoprofen, alginate beads, ionotropic gelatiotti-mflammatory.

1. Introduction

One approach for controlled release formulatiordifferent therapeutic agents is the production of
polymeric gel beads. The beads are discrete sghenicrocapsules that serve as the solid substratehich the
drug is coated or encapsulat8dBeads can provide sustained release propertiea atore uniform distribution
of drugs within the gastrointestinal trac®.

Sodium alginate (SA) is water soluble salt of algicid, a naturally occurring non-toxic polysaaitia
found in brown algaé®. It is a linear polymer containing two uronic asidL- guluronic (G) andp-D-
mannuronic (M) acids linked by (1-4) glycosidicKages. It is also composed of homopolymeric blddké or
GG and blocks with an alternating sequence (MGKsijic®.
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Alginate has a unique gel-forming property in tmegence of multivalent cations, such as calciurs ion
in an aqueous medium, which takes place mainlyrmttjons in the G-G sequence rich chain regionwkae
“egg box junctions® ©,

When divalent metal ions such as calcium, bariugh stannous diffuse into an alginate solution, the
rapid ion binding and formation of a polymeric netw produces an inwardly moving gelling zone. lotfa
alginate moves from the gel core towards this meglione, leading to the deletion of alginate withie core”.

The gelling property of alginate with divalent nsthas been used to prepare alginate beads for drug
delivery system and this can be achieved by drgppie drug containing sodium alginate dispersiao in
calcium chloride baffi ?.

As calcium alginate matrix formed is usually vesrmpeable and little or no drug release can actualy
controlled in the case of soluble drdys®. Hence, a preferential use for alginate gel béatise delivery of low
solubility or macromolecular drugs has been suggée?.

Ketoprofen (KP) is an anionic, non selective naratal anti-inflammatory drug (NSAID). It is a
derivative of propionic acid and widely used formagement and treatment of patients with rheumasieage
% The unwanted side effects of KP are due to itioibiof COX-1, while their therapeutic effects ahee to
inhibition of COX-2*%. So, the drug can cause gastric ulceration phstlgirectly irritating the gastric mucosa
and partly by inhibiting the synthesis of cytopuibee prostaglandinS®. Although it is well absorbed (> 90%)
after oral administration with peak plasma conardn occurring at 1-2 h, but the elimination oé ttirug is
rapid with mean half life of only 1.5-2#. So, KP is a good candidate for the preparatiotoatrolled release
formulations. Several trials have been undertakeailéviate the drug’s side effects by modificatadrits dosage
form, some of these trials include the use of otlwertes of administration as topical, rectal omsdermal
systems*?Y have been developed.

The aim of this work was to design KP-loaded altgrizeads as a controlled release oral delivergsyst
lonotropic gelation technique was selected to peeplae alginate beads due to its simplicity, lowstcand its
high entrapment rates achieved with poorly watértde drugs??.

2. Material and methods
2.1. Materials

Ketoprofen (KP) was kindly provided by Amriya Pim & Chem. Ind. Co. (Cairo, Egypt). Sodium
alginate, calcium chloride and gelatin were obtdifieom Chem. and pharma. Co. LTD (England). Ethyl
cellulose (EC) was procured from Hercules, WilmorgtDE. (USA). Hydroxypropyl methylcellulose acetat
succinate (HPMCAS) was procured from Shin Etsu, ybokJapan). Potassium dihydrogen orthophosphate,
sodium hydroxide, hydrochloric acid were purchagseth EI-Naser pharm. And chem. Co. (Egypt), ancbdier
ingredients used were of pharmaceutical grade.

2. 2. Determination of gelation rate of Ca-alginatdeads:

The gelling rate was assessed during particledton and was determined from weight changes of the
beads in calcium chloride solution as describeevetiere™?.

The beads were prepared by forcing aqueous solafisodium alginate through nozzles (0.65 mm i.d.)
into gently stirred 0.1 M calcium chloride solutidfive beads were collected at appropriate timervais and
weighed after removal of surface moisture usirtgifipaper.

The weight of five droplets was assumed to berthial weight at t=0. The ratio of average beadghé
after t to that of droplet was considered as wefgdnition change of the curing beads in Ga®esults were
expressed as weight loss, corresponding indiréatiyelation due to water loss during matrix formatiThe time
at which no change in weight fraction was consideas the time at which the bead became fully cufbe.
gelling rate was determined for different alginatencentration (3-5% w/v) and each experiment wasdo
triplicate.
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2.3. Preparation of KP-loaded Ca-alginate gel beads :

KP- loaded Ca-alginate beads were prepared usitwgropic gelation metho *®. In this method KP
was dispersed homogenously in alginate solutide;ghspension was forced through needles intoygstitred
CaCl solution (0.1M)at a constant rate of (10-12) drops/min.Ca-algihe@ds were allowed to stand in CaCl
solution until curing for 12 hrs, then filtered, steed three times with distilled water and driedr@m
temperature for 24 h and then placed in an ovelbd® for another 24 h. Different formulations werepared
according to the following schedule:

a- Formulations prepared using different Na-alginatecentrations (3, 4, and 5% w/v) at constant potyme
to drug ratio (1:1).

b- Formulations prepared using constant concentraifoalginate (4% wi/v) at different polymer to drug
ratio (1:3, 1:1 and 3:1).

c- Formulations prepared using 2% w/v alginate, 2%aéntrapped polymers (soluble polymer as Gelatin
(G), enteric polymer as Hydroxypropyl methylcellsdoacetate succinate (HPMCAS) and insoluble
polymer as Ethyl cellulose (EC), and 4:1 polymedtog ratio.

2.4. Drug polymer interaction study
2.4.1.Differential scanning calorimetric (DSC) studies:

The DSC patterns of the drug alone, excipientseabmwell as physical mixtures of the drug with the
investigated excipients (1:1 w/w) and the alginag¢ads at alginate concentration of 4% (1:1 w/w ey to
drug ratio) were examined. A Shimadzu model DSGv&8 used at a scanning rate of 10 °C /min from 30°C
200 °C under nitrogen gas stream at a flow ra#&0ahl/min using 4-8 mg of sample.

2.4.2. Fourier transform infrared spectroscopy (FTR) studies:

Samples (1-2mg) of the drug alone, alginate alphgsical mixture and alginate beads were mixed with
potassium bromide (IR) grade, compressed into diskse compressor under vacuum and scanned fr@d #0
800 cm-1 with an empty pellet holder as a reference

2.5. Characterization of alginate beads
2.5.1. Size, weight, shrinkage % and water conteinff the beads:

The diameter of beads before and after drying ve&srohined with slide caliper at three differentiposs
for each bead. The mean diameter of 3 beads weslatdd. In addition, the average weight of 10 kdaefore
and after drying was determined and the mean oét8rdhinations was considered as the bead weldid
shrinkage % and water content % of beads were led¢zlaccording to the following equations:

Shrinkage %= (diameter of beads before dryinguiditer after drying) x 100 ..... Q)
Water content % = [(weight of bead before dryingeight after drying) / weight before drying] x 100

2.5.2. Drug content and entrapment efficiency determinatios:

Weighed beads (10 mg) were immersed and dispens&80 ml of phosphate buffer at pH 7.4 for 12 h
under magnetic stirring at room temperature. ThHetiem was then filtered, and the KP content wasagsd by
UV spectrophotometer at wavelength of 260 nm. Thecgnt drug loading and entrapment efficiency were
calculated using the following equatidfis®?. Results were based on triplicate determination.

Drug content % = (amount of drug in beads / wegdhieads) x 100... (3)
Encapsulation efficiency % =
(actual drug content / theoretical drug contertp®  ........... ... (4)

2.5.3. Morphology study of alginate beads:
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The surface morphology and internal structure of ®alginate beads were observed using scanning
electron microscopy (SEM). Samples of the drieddbesere mounted onto stubs, sputter coated witth igoa
vacuum evaporator, and photographed using scaehaatyon microscope.

2.5.4. Swelling rate of alginate beads:

Swelling rate of the beads was measured at diffegpH. An amount of beads (equivalent to 20 mg of
drug) were placed in phosphate buffer (pH 7.4) AMOHCI (pH 1) solutions (using dissolution appasat
Erweka DT-D6, Heusenstamm, Germany) at' @7 At different time intervals the beads were taken and
weighed after drying the excess water using fifigpers. Their changes in weight (after correctorgifug loss)
were measured during swelling. The swelling pergere determined by calculating the water uptakeguhe
following equation®®:

Swelling index % = [(W— W)/ Wo] X100  ........ocivinnnninis (5)

Wherew, is the weight of bead at each time amgis the initial weight of bead before swelling (drgad). Each
determination was performed in triplicate.

Macroscopic and microscopic pictures during swglimboth media were taken using digital camera and
microscope, respectively.

2.6. In- vitro dissolution study:

The drug release was determined using USP 25 ditmolapparatus according to paddle method (ll) at
rotation speed of 50 rpm and temperature of 3K powder (20 mg) or beads (equivalent to 20 mgxwas
placed into 500 ml of test solution (0.1 M HCI ¢ 4, phosphate buffer of pH 7.4). At appropriateials, 5-

ml samples were withdrawn. An equal volume of fresfdium was added to test solution to maintain taons
volume. The content of KP was determined spectrmphetrically ati,.x 260 nm. Each experiment was
performed in triplicate.

2.7. Ulcerogenic effect of KP entrapped in alginatbeads:

The test was done according to the reported mé&thdgriefly, the experiment was designed with nine
adult male albino rats weighing (100-120 g) divieephally into 3 groups. The rats were fasted foh18ior to
the experiment. A dose level of 50 mg/kg of theeégormula was orally administered with small amioaf
water on two successive days using oral lavagel®ee€&doup 1 was the control (received only distllgater).
Group 2 received KP powder. Group 3 received beagjsared using 4% alginate at polymer/drug ratid.af
After 7 h of administration of the last dose, allsrwere scarified. The rats' stomach were excgmehed along
curvature and washed with saline. Stomachs wermieea grossly under a binocular magniffét and with
SEM.

2.8. Statistical analysis

All results were expressed as mean values + stdrdizviation (SD). The results were evaluated and
analyzed statistically with the prism ver. 5. (GraPad Soft ware, USA) computer program. For stedit
evaluation, data were analyzed by two way analysigriance (ANOVA) using bonferroni post test. feiences
between means were considered statistically namifgignt (NS) if the P value was > 0.05. When 0:0P >
0.01 the parameters taken as significantly (Sediffit and when 0.01 >30.001, the differences were regarded
to be highly significant (HS).

3. Results and discussion:
3.1. The gelling rate of beads:

The process of gelation can be visually detecteadeappearance of translucent circular boundargtwh
gradually shrank with progression of curing procass finally disappeared. As shown in Figure lialiations
are arranged according to the decline in gelatada in the following order: 3% alginate > 4% alg;na 5%
alginate; In which the formula containing 3 % ofiahte showed a higher rate of decling\jiy= 50.83 £1.99)
than that containing 4 % (fw, = 59.503 + 3.91) or 5% (w, = 67.85 + 7.09) alginate after 72 hrs. This may be
due to the difference properties of beads befoyimdras weight and water content.
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It was noticed that for all formulations, gelatismas completed at about 12 hrs and assumed to lge ful
cured.

3.2. Drug polymer interaction study:

The DSC thermograms (Figure 2) of the physical wmixtand loaded beads had retained the
characteristic endothermic peak of the drug at®&3onset = 90.16°c amtH of -150 j/g corresponding to its
melting point indicating no significant interactitsetween alginate and drug. Figure 3 shows thaptimeipal
bands of KP (3000-2500, 1695 and 1655cmorresponding to carboxylic OH, C=0O stretchingaofd and
ketone, respectivel§y in both the physical mixture and loaded beads whanfirms no significant interaction.
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Figure 1: Weight fraction changes of curing beadsigure 2: Differential scanning colorimetery thermograms,
in 0.1 M CaC} prepared using alginate (Alg.) with  (a) KP K3-alginate (c) Physical mixture (d) Plain beads
different concentrations. (e) KP-loaded beads.

3.3. Characteristics of alginate beads:

Table 1 shows the physical characters of diffesdginate bead formulations. All beads are snmaflize
with diameter about 1mm and of weight from 0.6-M@. There is no significant difference (P > 0.08)vieen
the particle size of beads prepared with differ@gtnate concentrations (3, 4 &5 % w/v). Statidtiaaalysis
revealed that the addition of some entrapped paiyr(leC, HPMCAS and Gelatin) did not significant®y ¢
0.05) affect the particle size of the bead aftgindy. The size of the beads was arranged accotdisgrinkage
percentage. Less shrinkage (P > 0.001) was oliberitke alginate concentration 5% wi/v (172%), witlcriease
in amount of drug loaded (1:3) (152%) and afteritamid of EC (175.17%) or HPMCAS (168.3 %) which de@
bigger beads in size than pure alginate beadsadtawncluded that an increase in percent of Nawatigicould
lead to a great viscosity of the solution and hemt&rger drop was dripped out of the nozzles asalt larger
beads were formed and diffusivity was decred$&dAlso, EC and HPMCAS don't have swelling or shaigé
ability, so their addition may decrease the abititypeads to take water during curing. The watertexat in all
formulation was between (90-93 %) and the encafisunlafficiencies of KP were high (>90%) for all
formulations owing to the low solubility of KP inater and the minimum loss of the drug during prafian of
the beads or the subsequent washing stages. Buis iein agreement with the findings of Khazastlal“®.

3.4. Morphology of beads

SEM micrographs, magnifications (x 35, x 75) showtlealt the dried beads were spherical with rough
surface and low porosity Figure (4A, 4B). At higlagnification (x1000), small cracks and fissurethie matrix
sometimes appear irrespective of drying temperatandedrug content. Small amount of drug crystalg appear
on the surface which can be formed during dryirigufe 4C). Similar results were obtained by Fathgl £ for
alginate beads loaded with tiaramide.
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Table 1.Characteristics of KP-loaded Ca-alginate beadsffefrdnt composition.
Alginate conc. (% wi/v) Alginate (4 % wi/v):Drug ratio Polymer added
Bead property
3% 4% 5% 1.3 1:1 3:1 EC HPMCAS Gelatin
Di i Before drvin 225+ 2.39+ 215+ 229+ 2.39+ 2.03 + 223+ 1.98 + 2.05+
lameter ying 0.14 0.06 0.02 0.05 0.06 0.08 0.04 0.10 0.13
(mm) After drvin 1.16 £ 1.23+ 1.25+ 150+ 1.23+ 1.00 £ 1.27 + 1.18 £ 1.00 £
ying 0.07 0.05 0.02 0.06 0.05 0.06 0.07 0.09 0.08
Shrinkage (%) 194.7+ 194.1+ 172.1% 152.6x 194.14+ 202.70+ 175.10+ 168.3+ 205.00
9 2 0.61* 3.0 1.15% 2.7% 30.03 3.73 2.89% 2.26 +1.58
. . 8.84 + 8.38 = 8.43 8.66 * 8.38 + 7.08 £ 8.21 + 4.65 + 6.15+
Weight | Before drying 0.39 0.46 0.56 0.56 0.46 0.41 0.66 0.29 0.24
. 0.69: 0.83 + 0.83 1.32 + 0.83 0.43 0.6 0+ 0.57+ 042+
(mg/bead) | After drying 0.13 0.10 0.13 0.08 0.10 0.05 0.01 0.02 0.02
Water Content (%) 92.16 + 90.12 + 90.15 + 84.77+ 90.12 + 93.88 + 92.69 + 87.78 + 93.25+
0.52 0.65 0.42 0.02 0.65 0.15 0.22 0.14 0.52
Drug content (%) 47.64 47.95 + 48.94 + 73.70 + 47.95 + 21.1+ 20.90 + 18.79 £ 20.00 =
9 0.10 0.09 0.22 0.09 0.09 0.02 0.69 0.43 1.00
Encapsulation efficiency (%) 95.29 + 95.91+ 97.88 + 98.3+ 95.90 + 84.47 + 104.50 93.94 + 93.09 +
P y (v 0.2 0.09 0.44 0.03 0.09 0.01 +3.45 2.16 3.00

Results represent mearsD of 3 observations. *: HS (P >0.001)
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Figure 3: IR- spectra, (a) KP (b) Na-alginate (c) Physicattonie (d) Plain beads (e) KP-loaded beads.
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Figure 4: Scanning electron micrographs of alginate beadsw#%loaded with drug at ratio (1:1), A (X 35), B
(X 75) and C (X 1000).

3.5. Swelling rate of beads

The swelling behavior of dried KP alginate beadslifferent pH (1& 7.4) is illustrated in Figure Bs
shown in this figure the beads exhibited high sweltate in pH 7.4, while less swelling rate wasicea in pH
1. The swelling of beads at pH 7.4 was caused byetlthange of the cross- linking calcium ions witn
gelling Na or K ions (components in buffé®) So the repulsion force between the negativelyrgeth
carboxylate group (i.e. —COO- groups) of alginatzreased and the degree of cross-linking decrehgetb loss
of C&" ions. This ultimately results in a rather looseistiure and hence the beads take up more watdr unti
bursting of the beads take place and the beadstetalisintegraté”. Maximum swelling for the beads was
reached at 1.5 h in phosphate buffer (pH 7.4) affeich erosion and break down of beads took plHuese
results are in agreement with the findings for Als€as et af®?.

The same beads tend to shrink when exposed taamigironment (pH 1). Ouwerx et &% have shown
that at low pH values (< 4), the carboxylate growpsalginate are protonized and hence the eleettiost
repulsion among these groups decreased and sheiikémyored so the interior water is rejected idetthe bead
and a decrease in its weight takes place. Such-gepsitive swelling property could be advantagdousrally
administered drug vehicles, especially for acicsgame drugs or drugs that have adverse effectherIT.

Figures (6a and 6b) show the stages of swellingeaids in both media (pH 1 and pH 7.4). The beads
keep their intact form for up to 4 h in acidic piy change in sphericity and no erosion were obsefviyure
6a). While in pH 7.4 the beads remained intact émiyi.5 h (Figure 6b).
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Figure 5: Swelling behavior of KP- loaded Ca-alginate begt¥#% wi/v) in 0.1M, HCI (pH 1) and phosphate
buffer (pH 7.4).
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Figure 6: Swelling stages microphotographs (X 40) of Ca-atgrbeads (4%w/v) in: (a) 0.1M HCI (pH 1), (b)
phosphate buffefpH 7.4).

3.6. In vitro dissolution study
3.6.1. Release of KP in 0.1 M HCI (pH1):

Figure 7a shows the release profiles of KP in 0.H®™ (pH1) from different alginate beads formedngsi
different alginate concentrations (3, 4, &5% w/The release rate of KP from all formulations waggicantly
(p < 0.001) slow and sustained. Only 10-15% ofdhey was released after 4h and no deformationdrsttape
of beads was observed as confirmed previously énsthelling study. While almost 63 % of the drug was
released from drug alone at the same time. Thisleague to the stability and non swelling propeftalginate
in acidic pH®¥ and the conversion of Ca-alginate to insolublénadgacid .

Also there was no significant (p > 0.05) effectcbfinging drug loading on its release from the beads
shown in Figure 7b, but the release was still nsrstained (p < 0.001) than that of the drug al@w.it is
expected that the release of KP from alginate beadsd be minimized in the stomach, leading to lestential
local adverse effects on gastric muct8a
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Figure 7: In-vitro release of KP, in acidic medium (pH 19tn: (a) drug powder and Ca-alginate beads prepared
using alginate with different concentrations at atdinate / drug ratio, (b) drug powder and Caradtg beads
prepared using alginate (4% w/v) at different adggn/ drug ratios.

3.6.2. Release of KP in phosphate buffer (pH 7.4):

Figure 8a shows the release of KP in phosphateb@iiH 7.4) from powder or Ca-alginate beads at
different alginate concentrations (3, 4 & 5% w/Whe release of drug from its powder was very fast a
completed within 15 min due to the higher solupibf KP in this medium (8.147 mg/ml). All Ca-algtesbeads
(3, 4 & 5% wiv) showed significant (p < 0.001) degse in the rate of release than that of the dargabut all
formulations released the drug completely after. lso the drug release rate significantly (0.0 > 0.01)
decreased with increasing alginate concentratiom f8 to 5% w/v during the first hour (from 0.5 ttLuntil the
erosion of beads occurred then all formulationsabexsuperimposed.

This rapid release can be explained on the basssvefling and erosion. In phosphate buffer thedapi
swelling created porous structure and brought nligred inside the beadS$”. Moreover, ion exchange with
phosphate buffer and formation of the solute atgithed to erosion of the beads [30]. Other stubdag reached
similar results, when using Ca-alginate bedt& >

Using alginate concentration of 4% wi/v, differetgimate/drug ratios (1:3, 1:1 and 3:1) were used to
study the effect of drug loading on the in vitréesse of drug in phosphate buffer. As shown in F@b, slight
differences between different ratios were obtaimed the results revealed that the release ratshghsly faster
with increase in alginate content from (1:3 to J&ljinate /KP ratio. This difference can be expdimaccording
to Tateshita et al. [13] who found that the release of nifedipine fr@a-alginate beads increased with decrease in
nifedipine content in solution. They suggested thatdecrease in drug content may lead to incrieaserface
area of particles by means of good dispersion ug dr alginate gel.

3.6.3. The effect of co-entrapped polymers on relsa of KP in phosphate buffer (pH 7.4):

Both soluble (HPMCAS, gelatin) and insoluble (E@Jymers were incorporated in the formulation in
the hope that their presence would lead to chaimge structure and barrier function of beads givd more
controlled release properties in phosphate buffer.

Figure 9 shows the effect of incorporating polymamsrelease of KP from Ca-alginate formulations and
revealed that the addition of these polymers redult no improvement concerning the retarding ofjdelease
in phosphate buffer pH 7.4 and in some cases; legse was even faster than that of pure Ca-atgbeads as
shown when adding gelatin.

Polymers used in our work have been used by otlitboes in order to modify the release properties an
similar results were obtainéty.
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Figure 8: In-vitro release of KP, in phosphate buffer (pH)7rom: (a) drug powder and Ca-alginate beads
prepared using alginate with different concentratiat 1:1 alginate / drug ratio, (b) drug powdet @a-alginate
beads prepared using alginate (4% wi/v) at diffeadginate / drug ratios.

120
100

=]
o

-&-pure drug

[=2]
o

—— 4 % alginate beads

—x—beads containing 2%
HPMCAS
—<beads containing 2% EC

N
o

o

% Ketoprofen released
B
o

0 2 4 6 8 10
Time (h)

Figure 9: The effect of the incorporation of co-entrappetymers on the drug release from Ca-alginate beads i
phosphate buffer pH 7.4.

3.6.4. Effect of swelling of Ca-alginate beads ohé release rate:

The swelling percent of the beads prepared usitfigrdint alginate concentrations (3, 4 & 5 % w/v)swa
plotted against KP release at the same time to i@eathe effect of swelling on KP release rate. FgliO
illustrates good direct linear correlations betwbeeads swelling and percent of the release in ptadspouffer
(pH 7.4). These correlations in phosphate buffergmod confirmation for release mechanism whenaifgignt
swelling of the beads was found.

3.7. Ulcerogenic activity

Observation of the gastrointestinal mucosa of rats the presence of lesions following oral
administration of selected formulations as wellragerence drug had been taken as an indicatiorthier
ulcerogenic effects.

Gross observation of rat stomach indicated wideagprerosions, ulceration and several hemorrhagic
steaks in the rats treated with drug powdét geoup) due to gastric mucosal injury (Figure 11b).

The membranes of rats' stomach treated with KPeloadginate beads'{3yroup) (Figure 11c) revealed
no abnormal naked eye changes in all tested ratsvare similar to that of control {group) (Figure 11a).
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Figure 10: Correlation between KP release and swelling of éaghosphate buffer (pH 7.4).

Figure 11: Representative gross appearance photos for gasticosa of rats: (A) Control (1st group), (B) KP
powder (2% group) showing marked hemorrhagic streaks anci@hate beads.

Scanning electron microscopy of the contrdf ¢toup) stomach of rat revealed normal lining senpl
columnar epithelium without goblet cells in the disyregion.Normally, the stomach lining is protected by a
layer of mucugFigure 12a).

The 2 group of rats treated with ketoprofen powder stibwerked signs of ulceration as abrasion and
sloughing of the epithelium (cracked clay appeagantuminal surface and pit cells are exfoliated dhe
damage extends from the luminal surface into thedg (Figure 12b). Several mechanisms have be@osed
to account for the development of gastric dam&geamong these explanations, the direct physicalagenty
the drug particles, loss of the protective mucaysi and acidic influence of the dru

15kV X1.8808 l8pm 0OBB18

15kV X1,800 18pm 0OOGB2Z X1.000 10pm OOBBO6

Figure 12: Representative micrographs using scanning eleatioroscope for gastric mucosa of: (A) healthy rat
with no dug treatment (1st group, Control), (B) raated with KP powder {2group) showing sloughing of the
epithelium and marked abrasions, (C) rat treate¢d alginate beads (3rd group).
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Significant reduction in the gastric mucosal injunyd valuable protection of submucosal cells of' rat
stomach treated with KP-loaded alginate beatigy(®up). The stomach lining covered by a layer atus and
photomicrographs revealed normal appearance cochpaentrol group (Figure 12c). This is may be thuéhe
protective effect of alginate beads on the stontackeeping their intact form with the absence oéking and
erosion that prevent KP release in the stomachitiegun a decrease in the contact between the dna
stomach. This is in agreement with the finding fesly reported by Fathy NM® and EI-Gindy G. A*".
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