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Abstract

Natural polysaccharides are drawing a great dealttehtion in the recent years as excipient inpharmaceutical
industry. Due to the advances in drug delivery tebtbgy, natural polysaccharides are included introdied drug
delivery to fulfill multitask functions and in sonuases directly or indirectly influence the extantl /or rate of drug
release. In the present study, the polysacchaggacted fromlerminalia belarica gum (TBG) were evaluated for
its safety and potency towards pre formulation issiéhs a pharmaceutical excipient. The study wasni@ken with
an objective to expound the physicochemical, théramal functional properties of polysaccharide aledi from
Terminalia belarica gum (TBG). A purified component of polysaccharidasvisolated fronTerminalia belarica gum
(TBG) by gel filtration method. Elemental analysiScanning electron microscopy (SEM), X-ray diffrant
spectroscopy (XRD), Differential scanning microsgd®SC) and Fourier-transformed infrared (FT-IRgheiques
were used to characterize the polysaccharide. Eighanalysis (CHN analysis) of the polysacchahide shown the
contents of carbon, hydrogen and nitrogen contient®e 39.31, 5.56 and 0.18 (w/w %) respectivelyMSihalysis
suggests that the polysaccharide has irregulaicfsize, mostly seen in aggregates and fibroustare. The XRD
pattern of the polysaccharide indicates both chyséaand amorphous structure. The experimentalkwaovides
enough evidence to exploit this natural biopolymeiood and pharmaceutical industry.

Keywords: Terminalia belarica gum (TBG), Gel filtration method, Polysaccharide, Elemental analysis.

Introduction

In recent times, focus on plant research has iseckall

Terminalia belarica plant is growing widely

over the world and a large body of evidence hasibee throughout the Indian subcontinent, Sri Lanka andtls-

collected to show immense potential of plants used
various pharmaceutical applicatibn.Plant derived
polysaccharides have evoked tremendous interesttalue
their diverse pharmaceutical applications such ikemt,
binder, disintegrant in tablet formulation, thickes in
oral liquids, protective colloids in suspensionglligg
agents in gels and bases in suppositdriese polymers
of monosaccharide are inexpensive and availabla in
variety of structures with a variety of propertigfiey are
highly stable, safe, non-toxic and hydrophilic agel
forming in nature. Since these biopolymers are maogi
come from renewable sources, are relatively inespen

East Asia. In the Traditional system of medicinkeli
Ayurveda, Siddha and Unani, its medicinal uses Hmen
described in several diseases and the action instlall
system. Glucoside, Tannins, Gallic acid, Ellagiddac
Ethylgalate, Gallylglucose, Chebulanic acid is rhain
believed to be responsible for its various theréipeu
actions. It is used as antioxidant, antimicrobiahti
diarrheal, anticancer, anti diabetic, antihypertens
hepatic protective and immune stimulatory agénthe
gums of the plant have been used for the formulatib
microencapsulated drug delivery systém.

The term ‘gum’ most often specifically denotes a

are non toxic and are amenable to both chemical andgroup of industrially useful polysaccharides (glyspor

biochemical modification, it is not astonishing tthihey
find pervasive and extensive udeThey have also been

found useful in formulating immediate and sustained extraction

release preparatiofis.

their derivatives that hydrate in hot or cold watiform
viscous solutions or dispersions at low concertrati The
and characterization of non starch
polysaccharide from Gum is an essential step
establishing their suitability as pharmaceuticatipient.
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Owing to their salable usefulness, physiochemical remaining portion was lyophilized to afford totalried
characterization of these polysaccharides is of polysaccharide (yield: 28.4 d) .

substantially importance. Literature survey revethat

comprehensive physicochemical characterization and Composition of polysaccharides

evaluation of the polysaccharides isolated from ] )
Terminalia belarica gum (TBG) as pharmaceutical To.tal sugar con_tent was estimated by the phen@sul
excipient has not been performed. Therefore theatibe ~ acid analysis using glucose as standate nature of the
of this study was to isolate and purify the polysagide carbohydrate was confirmed by Molisch tests, Fgkin

from Terminalia belarica gum (TBG) and examine the (st and lodine test. The total carbohydrate canters

functionality as an excipient. Specifically, theudy estimated by UV-VIS spectra and as per the method
evaluated the physicochemical properties includiog described by Bradford test using bovine serum albuas
characteristics, elemental composition and thermal standard. Uronic acid content was determined by the
behaviors. The isolated polysaccharide may provde carbazolt;:asulfurlc acid method using d-glucorordit as
alternative to other natural polysaccharide or rthei Standard:

synthetic counterparts to design and formulateableét

novel drug delivery system. Solubility test

The purified polysaccharide obtained froferminalia
belarica gum (TBG) was evaluated for solubility in water,
acetone, chloroform, and ethanol in accordance théh
B.P specification**

Materials and methods

Materials

Terminalia belarica gum (TBG) was obtained from
Similipal forest of Odisha. Levamisole was kindliftegd
by Wockhardt Limited, Baddi, India. DEAE- Sephadex

20 was purchased_ fro_m Hi-media, Mumbai, India. in a clean and neat china dish. It was kept indiiobven
Glucqse, d-glucoromc amq, was purchased frqm B at 105C until a constant weight was obtained. The china
chemicals, Mumbai, Indla._ All other chemicals and dish was removed from the oven and again the waight
solvents used were of analytical grade. the polysaccharide powder was determitfedThe
moisture content was then determined as the ratio o
weight of moisture loss to weight of sample expedsas a
percentage.

Loss on Drying

500 mg of polysaccharide (TBG) was weighed andguac

Extraction, isolation and purification of
polysaccharides

Dried gums were collected from the trunk bark of
Terminalia belarica plant and separated from fungal
affected and other foreign object present duringgction.
They were converted into small pieces using a hamme
The pieces were then dried in oven dryer maintained
between 40°C to 50°C for 72 h to obtain dry masgkwh
were milled with a grinder to get the dry powdeheT
dried powder was passed through sieve number 48# an
stored in an airtight container. The powder (1 kgs
extracted with boiling water three times. The aaquseo
extract was filtered through Whattman filter pap€he
filtrate was concentrated in a rotary evaporatodeun
reduced pressure, and then centrifuged at 3000 opitb
min. The supernatant was precipitated with thrdenies

of acetone, and stored overnight at 4°C. The pitatip
was collected and washed again three times wittoaee

to get crude polysaccharide (60.4 g). The crude
polysaccharide was subjected to DEAE- Sephadex A-50
column chromatography, washed with,GH and eluted
with 1.0 M NaCl solution. Most of the pigments were petermination of pH

absorbed in the column. The Elutes collected were

concentrated under reduced pressure to an apppria This was done by shaking a 1 % w/v dispersion ef th
volume, and then dialyzed against distilled wafEne sample in water for 5 min and the pH determinedqisi

Total ash and acid insoluble ash

2 g of polysaccharide (TBG)vas weighed accurately in a
previously ignited and tarred silica crucible. Tiaterial
was then ignited by gradually increasing the heabQ0-
600°C until it appeared white indicating absence of
carbon. It is then cooled in a dessicator and thlin mg
per gm of air dried material is calculated. To thecible
containing total ash, 25ml of 2M HCI| was added and
boiled gently for 5 minutes, and then about 5milhot
water was added and transferred into crucible. The
insoluble matter was collected on an ash less fileper.
This was then washed with hot water until filtrate
neutral and the filter paper along with the instdulmatter
was transferred into crucible and ignited to caomista
weight. The residue was then allowed to cool arghth
weighed'® The percentage of acid insoluble ash was
calculated from the weight of the sample taken.
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digital pH meter. The data present here is forlitdpe
determination®*

Angle of Repose

The polysaccharide (TBG) powder (10 g) was acclyrate
weighed and carefully introduced into a funnel qgheeh to

a stand with its tip 10 cm from a plane paper sgfahe
powder was allowed to flow freely unto the papafate.
The height of the coné] formed after complete flow and
the radius of the coneR were measured and used to
calculate the angle of repose using the followiggadion:

Angle of repos® = tan H/R

Wheref =Angle of Repose h= Weight of powder heap r=
Radius of powder heap

Bulk and tapped densities

Kawakita analysis

The Kawakita equation is described by using the
following equation. This equation describes the
relationship between the degree of volume reductibn
the powder column and the applied pressti&he basis
for the Kawakita equation for powder compressiothet
particles subjected to a compressive load in aicedf
space are viewed as a system in equilibrium atadjes of
compression, so that the product of the pressune éad
the volume term is a constant

P P 1

C a ab

Where C is the degree of volume reduction of a powd
compact at pressure P (no of tapping) “C" can be
expressed as C =g+ V,, / Vo, where \§ is the initial
volume before tapping and,Ms the final tapped volume

Polysaccharide (TBG) was accurately weighed (10 gm) sfter ‘n’ number of tapping. The constants (a andam be

into a 100 ml measuring cylinder and without dibtng
the cylinder the volume of powder was read to dgive
bulk volume. The measuring cylinder was then clainjoe
the USP | tapper of a USP tap density tester (Eldab,

evaluated from a plot of P/C versus P. A value afi$
indicative of the total volume reduction for thewater
bed, and b is a constant that is inversely relatethe
yield strength of the particles. The data from tigdy

model ETD-1020).The volume of the powder was read were modeled via the Kawakita equation in an atteimp

after every 25 taps up to a total of 275 taps wmnome

evaluate the relationship between the volume réaluct

of powder was constant. This represepts the tappedgng applied pressure for under studied isolated
volume of the powder. The bulk density and tapped polysaccharide as pharmaceutical binder.

density was calculated usina the followina equation

) Weight of sample
Bulk Density py) =

Bulk volume

Tapped Density Weight ot sample

Tapped Volume
Compressibility index

The compressibility index was calculated as
follows

Compressibility@ %) =
Tapped density — Bulk density

Tapped density
Hausner ratio

Hausner ratio is a measure of flowability of the @B
polysaccharide and is calculated using the follgwin
equation. A low Hausner ratio means that the
polysaccharide powder has a high flowability. Hears
ratio above 1.25 indicates poor flow.

Hausner ratio (H) = My

Bulk density

Swelling Index

This was done by taking 1.0 g quantity of in a 16 m
plastic centrifuge tubes and the volume occupied wa
noted. Ten milliliters of distilled water was addedt and
the content was mixed on a vortex mixer (Labline
Equipments, India) for 2 min. The mixture was akalxto
stand for 10 min and immediately centrifuged atQ.gim

on a bench centrifuge (Remi, India). The superrates
carefully decanted and the volume of sediment was
measured® The swelling index was computed using the
following equation.

S= (V2 - Vl) / V;x 100

Where S is the % swelling capacity, ¥ the volume of
the hydrated or swollen material andi¥ the volume of
the material prior to hydration. The experiment was
repeated by using 0.1 N HCI and Phosphate buffein?.
water.

Viscosity and
polysaccharide

Effect of ageing on viscosity of

The viscosity of a 1.0% w/v dispersion of the
polysaccharide obtained froerminalia belarica gum
(TBG) read at shear rates between 0.1 to 10.0 nezap

23



Available online atvww.ijpras.com

seconds and at 23 using a Brookfield viscometer
(LVDV-E) (Brookfield Engineering Labs, Stoughton-
USA). Spindle 62 was used and 3 minutes was alldaed
stabilization of the readings before the viscogifs read.

To study the effect of ageing on viscosity of , Himve
was stored in a controlled humidity and temperadfe%
RH and 40°C ) environment for 180 days after witioh
viscosity experiment was repeated and the averegdts
recorded’*

Microbial quality

The total aerobic viable count and fungal count of
polysaccharide obtained fromierminalia belarica gum
(TBG) was determined by the pouplate method’ *® In

determining the presence of pathogenic bacteria and

fungus in the polysaccharide, 0.1 g of the powdas w
dissolved separately in 10 ml of sterile water &nd of
the solution was inoculated into a previously diadsil

nitrogen. The heating rate was’@0min, followed by a
cooling cycle back to 3C at the same rate.

X-ray powder diffraction

X-ray diffraction (XRD) patterns of the polysacciuar
obtained from Terminalia belarica gum (TBG) were
analyzed using a Siemens D5000 Xray diffractometer
(Siemens, Munich, Germany). Powder sample, packed i
rectangular aluminium cells, illuminated using GuK
radiation § = 1.54056 A) at 45 kV and 40 mA. Samples
were scanned between diffraction angles of 5° f€C4®.
Scan steps of 0.1 were used and the dwell timesa®
Sec. A nickel filter was used to reduce thigd¢ontribution

to the X-ray signal. The'd’ spacing was computed
according to Bragg's law of diffraction.

Fourier transform-infra red

The Fourier transform-infra red (FT-IR) spectrumtioé

casein soya bean digest agar and Sabauraud p|u§ample was recorded in an IR spectrometer (Brukeiad

streptomycin agar respectively. Four specific pgdms
viz.  Escherichia coli, Saphylococcus aureus,
Pseudomonas aeruginosa, Salmonella spp. were checked
for their presence alongwith total aerobic bacter@nt
and combined yeast and mould count. The inoculated
agars were incubated at 37°C for 48 hours and ¢raoifvt
specific organisms depending on the selective megia
was used was read as present or not present. All th
experiments were done in triplicate.

Elemental Analysis

Elemental analysis of carbon, hydrogen and nitrogas
carried using a Perkin Elmer 2400 Semis || CHN wzex.
Accurately weighed 0.5 mg of sample was heatedL&D1

°C and the corresponding element was determined by

using thermal conductivity detectdt.

Scanning Electron Microscopy

The morphological features of the T.B.G were stddie
with HITACHI, S-3600 N Scanning Electron Microscope
The dried sample of polysaccharide obtained from
Terminalia belarica gum (TBG) was mounted on a metal
stub and sputtered with gold in order to make trae
conductive, and the images were taken voltage dk\t5

at 100 x and500x magnifications respectively.

Differential scanning calorimetry

A differential scanning calorimeter (JADE DSC, Rerk
Elmer, and USA) was used to study the thermal ptizze

of the polysaccharide obtained froferminalia belarica
gum (TBG). The polysaccharide was scanned in the
temperature range of 50-ZZD under an atmosphere of

FTIR). Triplicate measurements were made, and the
spectrum with the clearest identifiable peaks weaxsen.

Statistical analysis

Data were expressed as mean + standard deviations o
three replicated determinations.

Result and Discussion

Polysaccharide is mixture of a number of different
macromolecular substances and the yield and combguosi
of polymer can vary depending on the methods of
isolation. ?° The vyield of total isolated purified
polysaccharide (TBG) was 2.84% of the raw material.
TBG polysaccharide showed negative Fehling’s relagen
and iodine-potassium iodide reactions, indicatihgt tit

did not contain reducing sugar and starch type
polysaccharide. The total polysaccharide contens wa
estimated to be 89%. The UV-Vis spectra showedttieat
polysaccharide had an absorption peak at 190 nm, onl
which is the characteristic UV absorption peak for
polysaccharide. There was no absorption at 2602&6d
nm, indicating that the polysaccharides contained n
protein or polypeptide. Bradford test was confirntbe
absence of protein in TBG polysaccharide. The w@roni
acid content in TBG was found to be 4.3%.
Physicochemical properties of the TBG are summdrize
Table 4.

The polysaccharide is soluble in water and
practically insoluble in ethanol, acetone and abfiomm.
The results of the swelling characteristics shoat ffBG
has high swelling index suggesting that the polgsadde
may perform well as binder/disintegrant/ matrixagent.
The swelling was highest in water followed by phuste
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buffer and least in 0.1 N HCI. The results indicuat the
polysaccharide is a pH responsive polymer and riray f
application in controlled release formulatiors. The
moisture content of TBG polysaccharide was low.sThi
knowledge is essential for designing and optimizimeny
process involved in production using these polysadde
like drying, packing and storing. Given suitable
temperature moisture will lead to the activation of
enzymes and the proliferation of micro organismereby
affecting the shelf life of most routine formulaim
Therefore, the low moisture content value of TBG
polysaccharide indicates its suitability in formtidas
containing moisture sensitivée.

The total ash and acid insoluble ash value of

TBG polysaccharide was found to be 5.8 and 0.08%w/w

respectively. Ash values reflect the level of agiation or
handling of the drug. Adulteration by sand or eagh
immediately detected as the total ash is normally
composed of inorganic mixtures of carbonates,
phosphates, silicates and silica. Therefore, thevalues

of total ash and acid insoluble ash obtained is gtudy
indicate high level purity

Knowledge of the pH of an excipient is an
important parameter in determining its suitabiliiy
formulations since the stability and physiologieativity
of most preparations depends on pH. 1% w/v salutib
TBG polysaccharide in water gave a pH of 6.36. The
neutral pH of TBG polysaccharide implies that wiiesed
in uncoated tablets, it may be less irritating twe t
gastrointestinal tract. It may find useful applioat in
formulation of acidic, basic and neutral drugs.

The bulk and tapped density gave an insight on
the packaging and arrangement of the particles thad
compaction profiles of the material. Compressipilialue
up to 15% usually results in good to excellent flow
properties and indicates desirable packing chaiatits.
Compressibility index above 25% are often sourckés o
poor tablet-ting qualities. Between these two valess
than optimum performance might be anticipated and
require modification of the formulation during pess
development. Results in the table 4 of TBG would be
accepted to have the moderate flow and compreisgibil

property.

Kawakita plot is used to analyze the behavior of
powder from the bulk density state to the tap dgrstate.
The constants ‘a’ and ‘b’ of Kawakita plot were
determined from the slope and intercept of grapm/of
versus number of tapping. The value of ‘an’ indécht
compressibility or densification due to tapping abdas
rate of achieving final packing. The high value'a@fand
small value of ‘b’ indicated poor flowability anddmer
cohesiveness. Hence, from the results of Kawakitg p

TBG polysaccharide powder had a higher compactgbili
According to the published results, the compadtstdind
cohesiveness values obtained indicate fair floitglzind
moderate cohesiveness: * The flow behavior and the
effect of ageing on the viscosity of a 1.0 % whuegus
dispersion of the polysaccharide powder in difféfeash
solutions (water, buffer and 0.1 N Hcl.) are shoimn
Figure 1. The viscosity of the polysaccharide disiom
decreases with an increase in shear rate. Thiglisative
of pseudo plastic or shear thinning behavior. hhgéhear
rates, the decrease in viscosity can be attribtitech
decreasing number of chain entanglemé&htEhere is no
significant difference in the viscosity after thelloidal
solution of the polysaccharide powders were stared
humidity chamber for 90 days.

The microbial quality of the polysaccharide was
assessed to determine their acceptability for use a
pharmaceutical excipient in oral formulations. Tiogal
viable aerobic count and fungal count of the TBG
polysaccharide was lower than that of the presdribmit
of European pharmacopoeia. The purified polysaédbar
did not contain E. coli, Pseudomonas aeruginosa,
Salmonella spp. and pathogenic Staphylococci. Microbial
quality of purified polysaccharide was satisfact@myd
met the European Pharmacopoé&f@nalysis of elemental
(C, H, N) composition of the purified polysaccharid
indicated C, H, and N contents to be 39.31, 5.56Gah8
(wiw %) respectively?®

Scanning electron micrographs of TBG
polysaccharide are shown in Figure 2. The micrdusagf
the TBG polysaccharide provide the surface morpholo
of the polysaccharide. The particles are mostlynsiee
aggregates of irregular shapes and dimensions wdreh
fibrous in nature. The shape and structure or earfa
topology of the polysaccharide may be affected oy t
method of extraction and purification or prepanatad the
product?’

Differential scanning calorimetry (DSC) was
used to measure the occurrence of exothermal or
endothermal changes with an increase in temperature
Figure 3 shows the DSC curve of the polysaccharide.
Glass transition temperature 49.8°C and there was n
melting peak. The lower value was thought to be tue
plasticization caused by residual water molecules
remaining unmoved during fast scanning. The cootiisu
endothermic transition is indicative of moisturedan the
sample. The weight loss onset (representing thetaofs
oxidation or decomposition) of 240°C suggests that
polysaccharide has good thermal stability. The bpeak
and conclusion temperature of phase transition were
observed to be 112.25C. Structural and functiomaug
differences in polysaccharides influence the thérma
behavior and affect the transition temperature. fesailt
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implies that TBG polysaccharide may structurally be
stable and good thermal stability. The X-ray diffran
pattern of TBG polysaccharide is shown in Figurd He
sample shows peaks at approximately 22°, 42° ah@48
However, other peaks are very weak and unresolvedeo
shoulders on more intense peaks. The result oX&RB
confirms that of the DSC which shows that, TBG b&kki
both crystalline and amorphous portiéh.

which make up the gross structure of carbohydrates.
This is all consistent with a polysaccharide stitethat is
neither starch nor cellulose, but has some peptides
links and some amino sugars.

Conclusion

The results obtained in this study were establigbedhe

first time regarding the physicochemical & struelur
characteristics of the polysaccharide froherminalia

The IR spectrum is shown in Figure 5. Peaks at belarica gum (TBG). Studies indicated that the purified

969.40 and 831.75 are due to finger print regioms f
carbohydrates, the absorption peaks at 1604.43 amal
1412.15 crit are indicative of acetyl group. The absence
of significant aromatic stretches in the 1600-1690"
region and the weakness of the stretches implyttieae

is modest amount of cross linking by peptides. $harp
bands at 2925.19 c¢his characteristic of methyl C-H
stretching associated with aromatic rings. Peddét.28

polysaccharide with such properties can therefereised

as polymer in novel drug delivery system to proldhg
drug release. The high thermal stability of the
polysaccharide indicates that it can be used as
pharmaceutical excipient even under conditions ighh
thermal stress. The relative abundance and easy
availability of TBG polysaccharide may allow it serve

as an alternative to presently available pharmazaut

cm?! is due to hydrogen bonded hydroxyl groups that excipients.

contribute to the complex vibrational stretchesasged
with free inter and intra molecular bound hydrogybups

Table 1.Physicochemical properties of purified polgaccharide ofTerminalia belarica Gum

Parameters Results (Mean + SD)
Swelling Index Water 270+5.5
(% v/v) 0.1N 295 + 8.06
HCL
Phosp 310 +14.17
hate
buffer
(pH7.
4)
Loss on Drying (% w/w) 3.96 £ 0.01
Total ash (% w/w) 5.8 £0.08
Acid insoluble ash (% w/w) 0.08 £ 0.03
Ph 6.3+0.01
Angle of repose (degree) 23
Bulk density (g/ml) 0.59 + 0.06
Tapped density (g/ml) 0.86 + 0.04
Compressibility index (%) 17.66
Hausner ratio 1.46+0.21
Kawakita plot SI(er a b 2 1/b
3.0 0.99 82.
69 0.325 0.0191 8 54
Microbial quality 1.22+0.21
Total viable aerobic count 0.29 x 16
(cfu/gm)
Total fungi count <100
Escherichia coli Absent
Staphyl ococcus aureus Absent
Pseudomonas aer uginosa Absent
Salmonela Spp Absent
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Viscosity of Terminalia belarica

polysaccharide
= 10000 === Vviscosity in
i 5000 water(freshly)
§ 0 == viscosity in
Q
2 0 50 100 150 buffer(freshly)
€ Shere Rate RPM viscosity in 0.1N
o ere Rate
i Hcl (freshly)

Figure 1. Flow behavior of a 1% w/v aqueous dispersion of BG polysaccharide powde in different solution at
room temperature and the effect of ageing on viscitg (n=3, mean + SD

Figure 2: Photomicrographs as recorded by scanning electromicroscopy of TBG (magnification 100X anc
500X, Scale bar100 pm, 50 pum)

Figure 3: DSC characterization of TBG polysaccharide
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Figure 4: X —ray diffraction pattern of TBG polysaccharide
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Figure 5: FT-IR spectrum of TBG polysaccharide, indicating the various peaks

“Cite this article™

D. Biswajit. D. Suyakanta, CR Chandra, G Jashabir. DR Sammendy “Optimization
and characterization of purified polvsacchande from JTenmimalia belagca sum as
Pharmaceutical gxgipient Int. J. of Phanm. Fes. & All 5c1.2013:3(1:21-29

References

. Pawar, H., Isolation of seed gum frdPassia tora and delivery systems. Ind J of Pharma Sci., 2008, 70 (4
preliminary studies of its application as a binder 415-422.

tablets. Indian Drugs., 2004, 41 (8), 465-468. 4. Sinha, V. R., Rachana, K., Binders for colon sieci

. Baveja, S. K., Rao, K. V., & Arora J., Examinatioh drug delivery: An in vitro evaluation. Int. J of
natural gums and mucilages as sustaining matenals Pharmaceutics., 2002, 249, 23-31.

tablet dosage forms. Ind. J of Pharma Sci., 1989, 5
115-1109.

. Shirwaikar, A., Shirwaikar, A., Prabu, L. S., &
Arbindkumar, G., Herbal excipients in novel drug

. Saraswathi, Motamarri, N., Karthikeyan, M., Kannan,

M., and Rajasekar, STerminalia belerica .Roxb-A
Phytopharmacological Review. Int J of Res in Pharma
and Biomed Sci., 2013(1),96-99.

28



Available online atvwww.ijpras.com

6. Nayak, Bhabani, Shankar,. Nayak, Udaya, Kumar.,
Patro, K. Balakrishna. & Rout, Prasant, Kumar.,
Design and Evaluation of Controlled Release Bhara
Gum Microcapsules of Famotidine for Oral URms J
of Pharm and Tech., 2008, 1(4), 433-437.

7. Hai, S. K., Yuan, W.W., Shi, F. X., Hong, X. S.,neg
Y. C., & Li, Y., Antitumor and Immunomodulatory
activity of polysaccharides from the roots Adtinida
eriantha. J of Ethnophar., 2009, 125, 310-31.

8. Dubois, M., Gilles, K. A., Hamilton, J. K., Reber®.

A., & Smith F., Colorimetric method for determirati
of sugar and related substances. Ana Biochem.,,1956
28, 350-356.

9. Bradford, M. M., A rapid and sensitive method fbet
gquantitation of microgram quantities of protein
utilising the principle of protein-dye binding. Ana
Biochem.,1976, 72 (1-2). 248-254.

10.Bitter, T., Muir, H. M., A modified uronic acid
carbazole reaction. Ana Biochem., 1962, 4, 330-334.

11.Anonymous., The British Pharmacopoeia., British
Pharmacopoeia Commission, 200 Her Majesty’s
stationary office, London. A 13., 2004.

12.Shengjum, C., Jiabi, Z., Fenguin, M., & Quan, F.,
Preparation and Charactrization of solid dispersibn
dipyridamole with a carriercopolyvidonun plasdone S
630., Drug Dev & Ind Pharm2007, 33, 888-899.

13.Anonymous.,Indian Pharmacopoeia., Government of
Indian, Ministry of health and human welfare,
Controller of publications., New Delhi (India), 253-
A54. 1996.

14.0hwoavworhua, F. O., Adelakun, T. A., Some physical
characteristics of microcrystalline cellulose obéal
from raw cotton ofCochlospermum plachonii., Trop J
of Pharma Res., 2005, 4, 1-7.

15.Nicklasson, F., Alderborn, G., Analysis of the
compression mechanics of pharmaceutical
agglomerates of different porosity and composition
using the Adams and Kawakita equations., Pharma
Res., 2000, 17(8), 949-954.

16.Shah, V., Patel, D., Sandeep, M., & Upadhyay, U.,
Solubility and Dissolution Rate Enhancement of
Licofelone by Using Modified Guar Gum., Int J of
PharmTech Res., 2010, 2 (3), 1847-1854.

17.0luremi Bamiro O. A., Idowu, A. O., Oduneye, O. A,,
Effect of compression pressure, preservative and
storage with potassium chloride on the microbiatagi
quality of tablets formulated witflerminalia randii
Gum (Combretaceae)., Pakof Pharm Sci., 2012, 25
(4), 773-776.

18.Anonymous. Microbiological
pharmaceutical preparations.,
Pharmacopoeia., 4451 — 4452, 2007.

19.Shlomo, T., & Alfred, M. M., Composition and
Properties of Opuntia ficusindica mucilage.,
Phytochem., 1981, 20 (12), 2665-2668.

20.Morison, I. M., Changes in hemicellulosic
polysaccharides of rye-grass with increasing mituri
Carb Res., 1974, 36 (1), 45-51.

21.Martins, E., Phyllis, N., Christiana, |., Josheph,
James, W., Mitchell, S. B., Olobayo, K., Sabius, O.
Isolation, characterization and formulation projsrt
of a new plant gum obtained fro@issus refescence.,

Int J of Gr Pharm., 2009, 3 (1), 16-23.

22 Martins, E., Ihimekpen, O., Isimi, C., Sabinus @.,
Kunle., O., Isolation, Characterization and Comijoact
properties of Afzelia Africana gum exudates in
hydrochlorothiazide tablet formulations., Afr J of
Pharm and Pharmacol., 2009, 3 (5), 265-272.

23.Shittu, A. O., Oyi, A. R, Isah, A. B, Kareem, S.,O
Ibrahim, M. A., Formulation and Evaluation of
microcrystalline tapioca starch as a filler-bider f
direct compression., Int J of Pharm Sci and Réx.22
3(7), 2180-2190.

24 Kawakitta, K., & Ludde, K. H., Some considerations
on powder compression equations., Powder
Technology., 1970/71, 4, 61-68.

25.Qi, W., Cui, S., W. Understanding the physical
properties of food polysaccharides, in Cui SW (ed),
Food Carbohydrates: Chemistry, Physical properties
and applications, dylor and Francis, Boca Raton,
Florida, 161-262, 2005.

26.Santos, Z. M., Caroni, A. L. P. F., Pereira, M. &,
Silva, D. R., & Fonseca, J. L. C., Determination of
deacetylation degree of chitosan: a comparison
between conductometric titration and CHN elemental
analysis., Carb Res., 2009, 344, 2591-2595.

27.Elijah, 1. Nep., Barbara, R., Conway. A,
Characterization of Grewia Gum, a potential
Pharmaceutical Excipient., J of Exci and Fd Chem.,
2010, 1 (1), 30-40.

28.Singh, AK., Selvam, R.P., Sivakumar, T., Isolation
Characterisation and formulation properties of & fe
new plants Gum obtained fromangiferaindica., Int J
of Pharm and Biomed Res., 2010, 1(2), 35-41.

29.Martins, E., Ihimekpen, O., Isimi, C., Sabinus @.,
Kunle, O., Isolation, Characterization and Comparcti
properties of Afzelia Africana gum exudates in
hydrochlorothiazide tablet formulations. Afr J of
Pharm and Pharmacpl 2009, 3 (5), 265-272.

quality of
European

29



