Available online at www.scholarsresearchlibrary.com

Q\(\'b(macl.g
Scholars Research Library Q&; 4"'»‘%3‘
Scholars Research . * ‘@# f:
Der Pharmacia Lettre, 2012, 4 (4):1202-1213 . Vﬂ »v *
(http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Exploitation of Borassus flabellifer fruit mucilage as
novel natural gelling agent
Ravi Kumar* !, Rajarajeshwari N?, Narayana Swamy VB
! Shri Jagdish Prasad Jhabarmal Tibrewala UniversRgjasthan

%\/isveswarapura Institute of Pharmaceutical ScienBesigalore
3karavali College of Pharmacy, Vamanjoor, Mangalore

ABSTRACT

Natural gums and mucilages have been extensivgljorexl as pharmaceutical excipients. These gums and
mucilages are biocompatible, cheap and easily atdl. The present study was undertaken with anctibgeto
find out the gelling potential of natural mucilagbtained from endosperm of Borassus flabellifeitfiMucilage
extracted from endosperm of Borassus flabellifaritfivas subjected to toxicity studies for its safetnd
preformulation studies for its suitability as a gy agent. Diclofenac sodium was used as modefy dan the
formulation of gels. In the present study eightchas of Diclofenac sodium gels were prepared wiffergnt
concentrations of mucilage (viz; 3.0, 4.0, 5.0 &8 %w/w) and compared with existing gum tragacaash
standard gelling agent. The gels were evaluateddfig content, viscosity, in vitro permeation (assadialysis
membrane), skin irritation and stability tests. Tdeds prepared with 4.0%w/w of mucilage were fotmtle more
effective in comparison to that of gel with 6%w/Mgom tragacanth. The gels prepared with 4.0%w/matilage
were found to be ideal and comparable with a consiakpreparation(Voltaren g&).The prepared gels did not
produce any dermatological reactions and wavell tolerated by the guinea pig. Stabilitfudy revealed
that the gel formulations were physically $&aland has no syneresis. Briefly, it could baatuded that the
Borassus flabellifer mucilage can be used as a plaaeutical excipient in gel formulations; it hag thotential to
also replace some synthetic gelling polymers upathér modifications.

Keywords: Borassus flabellifemucilage,in vitro permeation, Diclofenac sodium, gum tragacanth, dgenan.

INTRODUCTION

Gels are transparent to opaque semisolidgdacing gelling agent that merges or entangte form a
three-dimensional colloidal network structurdsltesponsible for gel resistance to deformatiash itmvisco-elastic
properties. Gels have better potential as a vehéckdminister drug topically in comparison to oieint, because
they are non-sticky, require low energy during falation, are stable and have aesthetic value. Skiuries

(major and minor) or local infection can best beated by application of product that form tramepawater

vapour and air permeable film over the skin swflrom which the drug releases continuously framapplication
site[1].

Excipients are the additives used to convert agikiermaceutical ingredients into pharmaceuticalagesform
suitable for administration to patient[2]. New antproved excipients continue to be developed totriteeneeds of
conventional drug delivery systems. The high cdstymthetic polymers and environmental pollutiondhemical
industry has made the scientists in developing T@msto enter into an era, in which plant produstsve as
alternative to synthetic products because of teeanomy, local accessibility and environmentalrfdig nature.
Herbs are non-polluting renewable resources faasable supplies of cheaper pharmaceutical predidciday, we
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have a number of plant-based pharmaceutical extiié number of researchers have explored thigyubil plant-
based materials as pharmaceutical excipients[3fdlese natural materials are used as diluents, tinde
disintegrants in tablet, protective colloids in @eission, thickeners in oral liquid, gelling agemtgiel and bases in
suppository. Plant mucilage’s, which provide higgncentration of complex sugars and these, whemdmxth
water, a protective and soothing preparation resulthich can be applied externally[10-11]. Majprivf
investigations on natural polymers in drug delivepgtems are centered on polysaccharides and mspthie to
their ability to produce a wide range of matereatsl properties based on their molecular strucfli@s

The Borassus flabellifeis a tall and erect palm, with large, fan-shapeds which are quite unlike the pinnate
leaves of other palm®8orassuss from a Greek word describing the leathery covgof the fruit andlabellifer
means “fan-bearer”. Synonyms of the plant includgggry palm, Palmyra palm, toddy palm, wine palmisT
species is globally distributed from Africa to Argdia. Within India, it is found throughout tropiceegions,
especially along the peninsular coast and in WestgBl and Bihar. It is often cultivated. The Palmpalm has
long been one of the most important trees of Camabadd India. The different parts of the plant sed for the
various ailments like secondary syphilis, antipgigp heart burns, liver and spleen enlargementQiteer than these
pharmacological uses the juice of the plant is usqureparation of health drinks, jellies etc. Thaves are use to
make baskets, hats and many other useful itdBosassus flabellifecontains albuminoids, fats and the fresh pulp is
reportedly rich in vitamins A and C. The fresh dapreportedly a good source of vitamin B-complexal®
inflorescence constitutes spirostane-type sterafmbsins like borassosides and dioscin. It alsoanst20 known
steroidal glycosides and carbohydrates like suchbsdso contains bitter compound called flabeliiins, these are
steroidal saponins[13-16]. The endosperm contaihigla proportion of mucilage. The two major polysiaarides
present in this endosperm are galactomannan andanan

During earlier study in our laboratory, the physicemical characterization 8orassus flabellifemucilage (BFM),
the disintegrating property, binding property, esle retardant property, carrier for colonic drudivdey and
suspending property of BFM were evaluated and tepoty the author. Literature survey reveals that
comprehensive physicochemical characterization @mtmaceutical application of the BFM as gellingratgin
pharmaceutical formulation has not been reportad iyence the present work was attempted to evalgeltang
properties of BFM extracted from endospernBofassus flabellifefruit. Diclofenac sodium was used as a model
drug.

MATERIALS AND METHODS

Diclofenac sodium was obtained from BPRL, Bangaltmdia as gift sampleBorassus flabellifeendosperm was
procured from the local market. All the other soitge reagents and chemicals used were of eithenfltapoeial
or analytical grade.

Methods

Isolation and purification of mucilage from Borassus flabellifer endosperm[17]

The endosperm dorassus flabellifefruit contains mucilage. To increase the yieldhaf mucilage, the endosperm
of Borassus flabelliferfruit were extracted by different solvents. Thed@sperm ofBorassus flabelliferwere
collected, cut into small pieces and dried usiag tiryer at 37°C for 24 h at room temperature, nfadepowder
by crushing in a mixer. The fine powder was soakedifferent solvents such as water, hot-water,spihate buffer
solution (PBS) of pH 4.0, 6.8, 9.2, separatelyZeé8h and heated up to 80-90°C for 30-45 min for glete release
of the water soluble mucilage into the solventse Tiucilage was then extracted by using a multi rlaye
muslin/cheese cloth bag to remove the marc anderdrated viscous solution under reduced pressus@-ZoD°C.
Acidified ethanol (5% HCI in 75% ethanol) was addedhe concentrated viscous solution with consgtinting.
The gel like precipitate was formed and separajefiltbation. The precipitate was washed 2-3 timéth 75% and
95% ethanol. After complete washing of the preatgitwith ethanol 95%, brownish white powder wasaivizd.
The powder was dried in an oven at 37°C, collectgdunded, passed through a # 80 sieve and stared i
desiccator till use. The brownish white powder wassidered as mucilage for pharmaceutical use.

Physicochemical characterization, phytochemicakesting and toxicity studies of the isolated mualagere
carried out as per the reported procedure [18-21].

Drug-Excipient Compatibility study
This study has been done to check whether thearyicompatibility related problems are associatéd drug and
excipients used for the formulation of tablet.
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Fourier Transform Infrared (FTIR) Spectral analysis

FTIR spectra of pure drug and physical mixture ofgdand excipients were recorded on samples prégdare
potassium bromide (KBr) disks using a FTIR Spedicapmeter, (FTIR-8300, Shimadzu, Japan). Samples we
?repared in KBr disks by means of a hydrostaticpa 6-8 tons pressure. The scanning range wa4DO0 crh

Differential Scanning Calorimetry (DSC) analysis

DSC analysis was performed using Shimadzu DSC-6Dn&izu Limited Japan. A 1:1 ratio of drug and piagit
was weighed into aluminum crucible. And sample \aaslyzed by heating at a scanning rate diC26ver a
temperature range 40-3%Dunder nitrogen environment.

Preparation of Diclofenac gel[22]

BFM at different concentration is dispersed in t@ter using a magnetic stirrer (Remi magnetic estigMLH,

Mumbai, India) to facilitate complete dispersiomeTlco-solvent glycerin is added at its required @mas shown
in tablel with continuous stirring. Diclofenac sma, methyl paraben were added with stirring. Findlwas

adjusted to the required amount with distilled wakght batches of diclofenac gels were preparet! stored in
cool place until further use. The composition aftebatches of diclofenac gels were presented ie tab

TABLE 1: Formulation of different batches of diclofenac gel containing BFM

Ingredients (%) F1 | F2 | F3| F4| F5| F6| F7| F8
BFM* 3 4 5 6 - - - -
Gum Tragacanth -- -- -- -- 3 4 g 6
Diclofenac 1 1 1 1 1 1 1 1
Glycerin 10| 10| 10| 10 1q 10 10 1p
Methyl paraben 02 02 0p 02 02 Q02 2 D2
Purified water g.s. to (g 1( 10 1p 1o 10 10 10 |10

BFM* Borassus flabellifer mucilage

Evaluation of Diclofenac gel[23-28]
The prepared gels were evaluated for various etiatuparameters which includes;

Viscosity determination

Viscosity of diclofenac gels were determined udBrgokfield synchronic viscometer with helipath staat room
temperature with a shear rate of 5 rpm for 5 mhme $pindle no. used is 07. The viscosity measurenvegre made
in triplicate using fresh samples each time.

pH determination
Two grams of prepared gel was dissolved in therhiD6f phosphate buffer solution and pH of the resisolution
was measured by Elico digital pH meter at Z&x1

In vitro diffusion profile

Release of diclofenac sodium from various gel fdations and the commercial preparation (Voltarere®) gvere
studied employing the permeation apparatus as itescrA glass cylinder with both ends open, 10 aiglt and
3.7 cm outer diameter was used as a permeationTda mice were obtained from the animal house afaiKali
College of Pharmacy, Mangalore. The mice were raaietl on standard animal feed and had free acoesatéer.
The mice were kept under standard conditions asoapd by the animal ethical committee (Approval
No:KCP/IAEC/Ph.Ceutics/05/2011-2012). Fresh, fhitkness and hairless skin obtained from 6-8 wedtksnice
was used as permeation barrier. The hair of the mims removed 3 days before from the date of coroement of
the experiment using electrical hair clipper. Tintnsls were housed individually for at least 7 dagsore an
experiment to allow scratches, bites and otherlIsskal imperfections to heal. After sacrificing thréce by cervical
dislocation, abdominal and dorsal skin sectionsewexcised with surgical scissors. Adhering subadas fat on
the dermal side was carefully removed from the side of the skin. The skin section thus prepared slamped
carefully to one end of the hollow glass tube {diad cell) so that the stratum corneum was facimgmuthe receiver
compartment. The excised hairless mouse skin wasl fio one end of the cylinder by adhesive tape @am of
the prepared gel was taken in the cell (donor compent) and the cell was immersed in a beaker a@nta100 mi
of phosphate buffer of pH 6.8 (receptor compartimente cell was immersed in to a depth of 1 cm Wwelbe
surface of buffer, which was agitated by a magnstiocer and the temperature was maintained at BC+
throughout the experiment. Aliquots were withdrafnom the receptor compartment periodically (1, 245%,6,7
and 8 h). After each withdrawal, the volume of l@jin the receptor compartment was replaced by pinate buffer
of pH 6.8. The drug concentration was determinegtspphotometric method at 276nm.
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Skin irritation study

Guinea pigs (400-500 g) of either sex were useddsting of skin irritation. The animals were oh&d from the
animal house of Karavali College of Pharmacy, Mémmga The animals were maintained on standard drfieeal
and had free access to water. The animals wereuajdr standard conditions as approved by the adretheal
committee (Approval No:KCP/IAEC/Ph.Ceutics/05/2012). Hairs were depleted from the back of guipiga
and area of 4cfwas marked on both the sides, one side servedrisotwhile the other side as test. Gel was
applied (500 mg/guinea pig) twice a day for 7 d Hrelsite was observed for any sensitivity andréaetion if any,
was graded as

: No reaction
5 : Slight patchy erythema
: Slight but confluent or moderate buichg erythema
: Moderate erythema
: Severe erythema with or without edema

WNERk OO

Homogeneity
All developed gels were tested for homogeneity tsyal inspection after the gels have been seténctintainer.
They were tested for their appearance and presdrengy aggregates.

Spreadability
It was determined by wooden block and glass slpmeatus. Weights about 20g were added to the pdutha time
were noted for upper slide (movable) to separateptetely from the fixed slides.

Spreadability was then calculated by using the fdam
S=MUT

Where; S = Spreadability; M = Weight tide to uppkde; L = Length of glass slide; T = Time takerstparate the
slide completely from each other.

Consistency

The measurement of consistency of the preparedngedsdone by dropping a cone attached to a holdiddrom a
fix distance of 10cm in such way that it should &l the centre of the glass cup filled with thé g&e penetration
by the cone was measured from the surface of theodhe tip of the cone inside the gel. The distatraveled by
cone was noted down after 10sec.

Drug content

A specific quantity (100mg) of developed gel andrketed gel were taken and dissolved in 100ml ofsphate
buffer of pH 6.8. The volumetric flask containingl golution was shaken for 2hr on mechanical shakerder to
get complete solubility of drug. This solution wéikered and estimated spectrophotometrically (USG1,
Shimadzu, Japan) at 276 nm using phosphate bpie6(8) as blank.

Stability testing

All the selected formulations were subjected ttadiity testing for three months as per ICH nomms temperature
of 40°+2°C in stability chambers (EIE instrument Btd, India). All selected formulations were anadg for the
change in appearance, pH, drug content and alssiqathystability and syneresis (spontaneous combracif gel
exuding some of the fluid medium).

In vitro anti-inflammatory activity[29]

Thein vitro anti-inflammatory activity of the optimized gelrfoulation was performed using carrageenan induced
rat hind paw edema model. Albino rats of Wistaaisis of either sex between 140-170 grams weretseldor the
studies. The animals were kept on standard dieaHoded free access to water.

The animals were divided into three groups compgisix animals in each group.
Group 1:- Control, received placebo gel

Group 2:- Received 1.2 mg/kg equivalent to diclofenac infgainulation

Group 3:- Marketed gel Received 1.2 mg/kg equivalent toadetac in gel formulation)

Immediately after drug administration 0.05 mL of 18w solution of carrageenan was injected into phenter
surface of the hind paw. The hind paw volume wasgue=d at different time intervals for 4 h afterrageenan
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treatment using a Plethysmograph. The percent itidnibin hind paw edema volume was calculated ughng
following formula and compared with those recorftadcontrol group.

Anti-inflammatory activity (%) = (1-A/B) x 100
WhereA is the change in paw volume in the treated graujBais the change in paw volume in the control group.
RESULTS AND DISCUSSION

The fact for increase in importance of naltuplant based material is that plant resesirare renewable
and if cultivated or harvested in a sustili@amanner, they can provide a constant Igupd raw

materials. However, substances from plant ilriglso pose several potential challengesh sas being
synthesized in small quantities and in migturthat are structurally complex, which mayedificcording to
the location of the plants as well as other vagalduch as the season. This may result in a shomerpensive
isolation and purification process. Another isshatthas become increasingly important is that téllectual

property right.

Drug-Excipients Compatibility Studies

Fourier transform infrared (FTIR) analysis

FTIR spectra were recorded to assess the comjigtibfl the drugs and excipients. FTIR spectra aflafenac
sodium showed principal peaks at 1284 and 1308 pesulted from C-N stretching and the peak at 160d 1575
cm™ resulted from C=C stretching and C=0 stretchingcafboxylate group, respectively. The observed FTIR
spectrum of drug was matched with reference spe@uomfirming the purity of the drug as per estdigis
standards. All characteristic peaks of drug(s) wabyeerved in the FTIR spectra of physical mixtufellmg and
different excipients. The results showed there m@asppearance or disappearance of peaks in the-akcigients
mixture this confirmed the absence of any chemictdraction between the drug and the excipient® FMIR
spectra of pure drug and physical mixture of dmg different excipients are shown in figure 1 ang&pectively.
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Figure 1: FTIR spectrum of Diclofenac sodium

1206
Scholar Research Library



Ravi Kumar et al

Der Pharmacia Lettre, 2012, 4 (4):1202-1213

1000 _
1166.13
90 |
124339
a0 |
0
1463.96 119328
il | 108907 843
50 ]
%T 128417
g e |
AT
D 139184
1T
4 157500 145287
10 | 15549 15908.34
oo : : : : I
4000.0 3000 2000 1500 1000 4000
rm-1
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Figure 3: DSC thermogram of diclofenac sodium
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Figure 4: DSC thermogram of Diclofenac sodium and iferent excipients

Differential Scanning Calorimetry (DSC)

The DSC thermograms for drug and physical mixturelrog and excipients are represented in figuren@ 4
respectively. DSC analysis of Diclofenac sodiumvehithe exothermic peak at its melting point i.e28#C(range
289-292°C), which is in agreement of earlier obation and corresponds to the reported melting point
diclofenac. The DSC analysis of physical mixturedaig and excipients revealed negligible changdénmelting
point of diclofenac sodium in the presence excifgiehhis also indicated that there are no chanyés crystallinity
of the drug and it may not affect the stability fofmulation and it is confirmed that drug is conipla with
excipients.

F7 F2 F1

Figure 5: Photographs of selected batches of dickiac sodium Gel

Physical characteristics of diclofenac gel

The prepared gels were evaluated for drug conpgt,viscosity in vitro diffusion profile and skin irritation test
using Guinea pigs. The gelling concentration ofrthecilage was found to lie between 3.0 and 4.0% tuftvbetter
gel characteristics were observed at the concénmtratff 4.0%. The pH of the mucilage was below &hjch is
ideal for topical application. Eight batches of ga&lre prepared using different concentrations 3i@; 4, 5 and 6 %
w/w of BFM and standard gelling agent like gum &reanth, 1% w/w of Diclofenac, 0.2% w/w methyl paalas
preservative and 10% w/w glycerin as plasticizére PH values of all the batches were determinedrdlwvas no
significant difference in pH between pure mucilagéution and the different batches of gels formadatHence the
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gels were ideal for topical application. Among trepared gels the batch containing 4 % BFM had envbitior
without any characteristic odor and pH of 6.48. rBf@re this was considered as ideal batch. Theosigcof the
0.5% aqueous dispersion of BFM was found to be B2hdicates that the BFM is colloidal in natureldaling
non- Newtonian bodies which do not settle down kjyicThe viscosity of the different formulated blaés were
determined and it was found that gel exhibited geelastic flow (shear thinning) the viscosity wasitfid to be
ideal for topical application. The photographs elested batches of diclofenac sodium gel are pteden figure 5.

The values of spreadability indicate that the gekasily spreadable by small amount of shear. 8pbdlity of
marketed gel was 6.5g.cm/sec while F2 was 8.0gemniadicating spreadability of mucilage at a coricion of
4% containing diclofenac gel was good as comparédea marketed gel. The consistency reflects tpaaty of the
gel, to get ejected in uniform and desired quantiten the tube is squeezed. Consistency in terrdste#nce travel

by cone was 7.0 mm for F2 batch as compared tonén5of marketed gel. Consistency is inversely prtipoal to

the distance traveled by falling cone. Hence, thesistencies of mucilage at a concentration of 4#itaining
diclofenac gel were better as compared with madkegel. All developed and marketed gel showed good
homogeneity with absence of lumps. The developegagrations were much clear and opaque as compared t
marketed gel. The skin irritation studies of depeld gel were carried out on guinea pig and thafiroed the
absence of any irritation on the applied surfadee d@rug content of all developed gel formulationd anarketed
formulation shown uniformity in drug content. Thieygical characteristics of diclofenac gel are pnésein table 2.

Table 2: Physical Characteristics of diclofenac gel

o . Skin . ) .
Batch Spreadability Consistency . Lo Drug Physical Viscosity
No pH (g.cm/sec) (60 sec) Homogeneity |rr|ttzt;ct)n content (%) Appearance (cP)
F1 6.32t0.01 5.5 6.0 H- Nil 98.50 Opaque 320
F2 6.48t0.02 8.0 7.0 H Nil 99.65 White 327
F3 6.45:0.01 6.5 6.2 H Nil 97.21 White 335
F4 6.470.04 5.5 6.5 H Nil 98.50 Opaque 340
F5 5.81+0.02 5.6 5.5 H Nil 98.50 Opaque 360
F6 5.77#0.03 5.8 6.0 H Nil 99.65 White 375
F7 5.79:0.01 6.5 6.5 H Nil 97.21 White 380
F8 5.81+0.01 7.0 6.0 H Nil 98.10 Opaque 390
g/le] 6.12+0.03 6.5 6.5 H Nil 98.87 White 420
‘H=Homogeneous‘M= Marketed (Voltaren® gel)
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Figure 6: In vitro diffusion profile of different batches of Dicloferac gel
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Figure 7: Comparative in vitro diffusion profile of optimized diclofenac gel andmarketed gel
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Figure 8: Comparison of rat paws edema volume of djnized diclofenac gel, control and marketed formuation

In vitro diffusion study

Thein vitro diffusion profiles of diclofenac sodium from thelg containing different concentrations of BFM and
gum tragacanth are shown in figure 6. All the gilswed only slight difference in release profite gel prepared
with 4% BFM showed a maximum release of 98% owveerégod of 8 h. Hence this was considered as idatahbfor
comparison with marketed preparation. The gel pegpavith 4% BFM showed a maximum release of 98 %r av
period of 8 hr, when compared with the marketedshelwed a maximum release of 94%. The releaselgrmuffi
ideal batch and the marketed formulation were geddntical over a period of 8 h diffusion studyelcomparison
of the release profile of ideal batch and markegeld was shown in figure 7.
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Anti-inflammatory activity

Anti-inflammatory activity of the optimized diclofiac gel and the marketed gel was evaluated usimggeeenan
induced rat hind paw edema method. The result di-iAflammatory activity indicated the maximum 829%
inhibition of edema was observed with the optimizédofenac gel formulation at 4h after carrageetraatment
and maximum 81.8% inhibitions of edema was obsewitkd marketed gel formulation at 4 h after caremgmn
treatment. It may be due to the initial slower aske of drug from the gel formulation. The bettdi-anflammatory
activity found with the developed gel formulatiorhe results of anti-inflammatory activity are shownfigure 8
and 9.

Percentage inhibitior

0 T T T T 1
0] 1 2 3 4 5

Time (h)

—=— F2 —+— Marketed gel

Figure 9: Comparison of Percentage inhibition of pa volume of optimized diclofenac gel and marketedidlofenac gel

Stability study

Optimized diclofenac gel formulation (F2) and maekeformulation were subjected to a stability tegtfor three
months as per ICH norms at a temperature of 40°4#@°Gtability chambers. All selected formulation®re/
analyzed for the change in appearance, pH or domgent and also physical stability and syneresisirigy the
stability studies the appearance was clear andigmfisant variation in pH and it is also found thihey were
physically stable and syneresis was not observée. rEsults of stability studies of optimized dieloc gel
formulation and marketed formulation were showtaisie 3 and in figure 10.

Table3: Stability study of optimized diclofenac geand marketed gel

Batches Months | pH Appearance| Drug conten Consistey | Spreadability
0 6.48:0.02 white 99.65 NC* NC*
F2 1 6.51+0.01 white 99.60 NC NC
2 6.52:0.01 white 98.52 NSC NSC
3 6.54+0.02 white 97.00 NSC NSC
0 6.12+0.03 white 98.87 NC NC
Marketed gel| 1 6.150.02 white 98.60 NC NC
2 6.25:0.03 white 98.50 NSC NSC
3 6.30:0.03 white 97.40 NSC NSC

NC* = No change; NSC**= No significant change
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Figure 10: Comparison ofin vitro dissolution profile of optimized diclofenac gel andnarketed gel after stability study
CONCLUSION

The result of the present study demonstrditatthe BFM obtained from the endospernBofassus flabellifer
is having a potential gelling property andan be used for the development of gel formulatibesause of its
good release profile, water-soluble nature, phafsistability and good spreadability. It éffective in a very
low concentration as compared to that of stendard gelling agent (tragacanth) usece Tdrmulation F2
consisting of 4% w/w BFM was found to betale for topical application based upon jitisysicochemical
properties. While comparing the gelling charasties of gels prepared by BFM and that ofgawanth it had
been found that the gel prepared with 4%w/w BFM is more effective in comparison to thattbé gel
prepared by using 6%w/v of gel using trag#taThe anti-inflammatory activity of this gel foolation in rat
hind paw edema model reveals that diclofenac wéseded to the inflammation site at a controllegddeover a
period of 4 h. Moreover as this plant is J§delistributed in natureBorassus flabellifeendosperm are eaten
by the local tribes and used as food supplemeatladble chiefly in India and many other cties and easily
available option without destroying the naturali®es as compared to that of the other availaateral option
will be one of the suitable options to w#li as pharmaceutical excipient. Since thengmy ingredients are
in expensive, devoid of toxicity, biocompatiblbiodegradable and easy to manufacturettaydcan also be
modified to have tailor-made products for drug ey systems and thus can compete with the syothet
pharmaceutical excipients available in the markéey can be used as gelling agents in placecufrently
marketed synthetic gelling agents. Furtherisgudill be worthy to establish the BFM as poteelligg agent.
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