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ABSTRACT

Gellan gum forms strong and clear gels at physimi@gon concentration and widely investigated e as an in-
situ gelling agent in various routes of adminisioat viz. nasal, ocular and oral etc. In situ gefjiproperties of
gellan gum are attributed to ionic contents, tengpere, pH, non- electrolytes etc. These physioklgiariables

are different for different routes of administratioTherefore it was interesting to observe theigglperformance
in vitro at such physiological conditions. The ipdadent variables affect viscosity in the ordeicasc strength>

pH> non-electrolytes. All the batches showed instaaous gelation and gel melting temperature >37FkRe effect
on gel melting temperature was in the order asid@trength> pH> non- electrolytes. The effect arelling factor

of gellan gum in the presence of independent viaglvas in the order as ionic strength> pH> nonetfelytes.

Mucoadhesive strength is neither dependent on ctrat®on of electrolytes nor on concentration ofnro
electrolytes. But, the order of variables affectingcoadhesive strength was pH> ionic strergtion- electrolytes.
lonic strength was found the variable dominantlyeeting viscosity, gel melting, swelling and mudussive

strength.

Keywords: lonic strength, Viscosity, Gel melting temperatueelling

INTRODUCTION

In-situ gel is the drug delivery system that issol form before administration in the body, howewerce
administered, it undergo gelation at the site tonfgel [1]. Polymer gels are produced by two wather by the
formation of chemical cross linking or by physicabss linking [2].

Now days with increasing global environmental peol, many efforts have been carried out to devéiep
effective use of traditional natural polymers bessathese polymers are biodegradable and bio-aliderbBhe
biocompatibility of hydrocolloids is well known iase of drug delivery system. Therefore the medigglications
are rapidly increasing. Many microbial polysacctiesi are growing for commercial use and as theyparduced
from microbes, their production is on a large sdajeindustrial fermentation. It is possible to paep microbial
polysaccharides with consistent quality as perirequents. Therefore there are no issues of vaitab@ellan gum,
likewise, is one of widely used fermentation matisti It can form a transparent gel in the presarigaultivalent
cations, which is resistant to heat and acid.

This research paper focuses on the in-situ gepiragperties of gellan gum which undergo gelatiopiasence of
mono, di and polyvalent cations. Gellan gum is labdé as Gelrite™ or Kelcogel™ in market. It is amionic
deacetylated exocellular polysaccharide obtaineddzyetions of Pseudomonas elodea [3] with at eseicaharide
repeating unit of one-L-rhamnose, ong-D-glucuronic acid and tw@-D-glucuronic acid residues [4,5]. Chemical
structure of the polysaccharide possess a tetriagdade repeat unit consisting of two glucose (Gé&sidues, one
glucuronic acid (GlcA) residue, and one rhamnoseajRresidue [6,7]. These are linked together tce giv
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tetrasaccharide repeat unit. Use of gellan gum riung ddelivery is widely reported e.g. for oral deliy of
theophylline, in situ gelling gellan formulation ashicle is reported. Gellan gum solution contagnicalcium
chloride (as a source of €pand sodium citrate, which forms complex with free C&* ions and releases them
only in the acidic environment of the stomach.His tway, the formulation remains in liquid form ilirit reaches
the stomach where gelation of gellan gum is instaeus [8]. Gellan gum is a multi-functional gegliagent can be
used alone or in combination with other productprimduce a wide variety of interesting texturesll@&egum acts
as a thickening or gelling agent and can produxtites in the final product that vary from hardnredastic, brittle
gels to fluid gels [9].

EXPERIMENTAL SECTION

Materials used

Deacetylated gellan gum used in this study wassgiftiple from C P KELCO, Mumbai, India. All saltg sodium
chloride (NaCl), magnesium chloride (Mg¥;lcalcium chloride (CaG), aluminium trichloride (AIC)) etc used in
this study were of analytical grade and were pwetdrom Loba chemicals, Mumbai, India.

M ethods applied

FTIR

The compatibility study was carried out by using®TJasco M4100). Before carrying out FTIR studhg polymer
samples were kept for one month at room temper&ureomplete interaction. After one month the FBifledy was
carried out and scans were obtained at resolufi@cari® from 4000 to 400 cth The polymer samples were dried
in hot air oven at 68C for 1 h for removal of moisture. Then dried pstas bromide was placed in sample holder
of FTIR and blank sample was run. Then mixturesewmepared in potassium bromide 1:5 w/w ratiosa{mper
samples. The spectral peaks were observed forl@amge in peak intensity and wave-number and itceaspared
with the pure gellan gum (deacetylated) sarfiidé

Preparation of gellan gum gel to study the effect of electrolytes

Gellan gum (deacetylated) gel was prepared in poesef different electrolytes vise sodium chlor{d®novalent),
calcium chloride and magnesium chloride (divaleryl aluminium trichloride (trivalent). To preparel,ggellan
gum powder 1g was dissolved in 100 ml distilled evatsing magnetic stirrer at 100 rpm. Then six ssmllations
were prepared in different beakers. In these bsabér %, 1%, 1.5%, 2%, 2.5%, 3% w/v of respectieeteolyte
solution (sodium chloride, calcium chloride, magues chloride or aluminium trichloride solution) waslded.
They were stored for 24 h for proper swelling atlquace.

Preparation of gellan gum gel to study the effect of pH

Gellan gum (deacetylated) powder 1g was dissolnetlo0 ml distilled water using magnetic stirrer1@0 rpm.
Then six different solutions were prepared havihy) 4, 6, 7, 8 and 10 in respective beakers aadpth was
adjusted by using dilute hydrochloric acid or dlgiodium hydroxide. They were kept for 24 h forganoswelling
at cool place.

Preparation of gellan gum gel to study the effect of non- electrolyte

Gellan gum (deacetylated) powder 1g was dissolnetlO0 ml distilled water using magnetic stirrer180 rpm.
Then six such solutions were prepared in diffeberatkers. In these beakers 0.5 %, 1%, 1.5%, 2%,, 3%9w/v of
non-electrolyte (sucrose) solution were added spedy. All containers were stored for 24h for pes swelling at
cool place.

Evaluation of in-situ gel: independent effect of physiological variables

Viscosity of formulation

The viscosity measurements were carried out byguBnookfield programmable RVDV-II+ pro model (BrdaXd
Eng. Lab., Inc.USA). The gel sample was placednials sample adapter. Temperature was kef€3Viscosity
was recorded [11]. Viscosity in centipoises canchkulated by multiplying dial reading into dialcfar. All the
results were taken in triplicate.

Gel melting temperature

Gel melting temperature of aqueous solution ofagetium was measured by using procedures report€hbiyet
al. [12]. A 1ml volume of gel was transferred to m0 transparent vial placed on a magnetic stirfére vial was
heated at an increasing rate 8€min with constant stirring at 100 rpm. Increasetémperature at which gel
liquefy is gel melting temperature. All the resultsre taken in triplicate.
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Swelling factor

Gels of gellan gum dispersions were prepared asthmemprocedure described above. The samples were th
centrifuged for 15 minutes at 2200 rpm by usingrogentrifuge. The weight of the sedimented fractioas
determined. The swelling factor was calculatedhesratio of the weight of the swollen polymer griesuto the
weight of the dry polymer. All the results wereaakin triplicate.

M ucoadhesive strength

The mucoadhesive force, the detachment stresseofoitmulation was determined using a modificatidnthe

mucoadhesive force measuring device used by Chali. & section was cut from the nasal mucosa oéghend
instantly secured with the mucosal side out intcheglass vial. The vials were stored at 37+0.5°C1fd min. One
vial connected to the balance and the other fixéd the gellan gum gel (0.5ml) added and the hedgltisted so
that the gel is placed between the mucosal sidésthf vials. Water from a burette was allowed tbifaa beaker
drop by drop till the detachment of vials. Increasiveight of water added gradually would detachtthe vials

[13]. Mucoadhesive force (dyne/cm?) was determifredch the minimal weights of water that detached tive

vials. All the results were taken in triplicate.

Mucoadhesive Strength (dynes/ém= mg/A

Where, m = weight required for detachment in gageeleration due to gravity (980cf)/and A = area of mucosa
exposed (ct

RESULTSAND DISCUSSION

FTIR

The compatibility study was carried out by FTIR.eTsample prepared in 1%w/v proportion of polymewvater
and dried at room temperature, kept for one momtltdmplete interaction. The peaks correspondsediunctional
groups of pure gellan gum (Figure 1) were compasitti gel of gellan gum (Figure 2). There were ng an
significant changes observed in spectra of polyfke disappearance of C-O group of carboxylic &cith that of
FTIR spectra of gel sample confirms cross linkifigation in gellan gum structure.
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Figure 1: FTIR spectra of gellan gum dry powder

Selection of working range of physiological variables

In this study, electrolytes and non-electrolytesgamtration ranged from 0.5- 3% wi/v, as the différfgody fluids
contain concentration ranging from 0.5-3% w/v ofottolytes, e.g. nasal fluid contains 0.745% wi/vsoflium
chloride and ocular fluid contains 0.65% w/v of netectrolyte [14]. The pH range used was 1-8 teecdhe pH
range of gastric fluid (1-3) and ocular fluid (7.4) correlate this study with the physiologicahdiions, these
ranges had been selected.

Evaluation of in-situ gel: Independent effect of physiological variables
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VISCOSITY MEASUREMENT

Effect of electrolytes on viscosity measurement of gellan gum

Sodium chloride is monovalent cation containing sakilable in the biological fluids so it was ssésl for this
study. Viscosity values were obtained at Spindl& @ 20 rpm. Up to certain point, the viscositgreased and then
sharp decrease was observed. It may be due toosdic repulsion between carboxyl groups presegellan gum
is shielded by increasing concentration of catiangd as a result, helix formation and aggregatiomolecules get
promoted. However in coil formation of polymerse thlectrostatic shield leads to reduction of coehsions, so
there is decrease in viscosity [15]. Calcium chleris a salt containing divalent cation. The gelsppred in
presence of calcium ion were the stronger gel ga@mproduced in presence of sodium ions. As theeotnation of
calcium chloride increased, the gel became morgamand brittle. Viscosity was measured by usirigdip no.4
at 30 rpm. The viscosity was dependent on ioniderttnof formulation. As the concentration of catoichloride
increased, the viscosity of solution also increasdedgnesium chloride is a salt containing divaleation, so
selected for the study. The gels prepared in poesefimagnesium ion were the stronger gel tharpgeduced in
presence of sodium ions. As the concentration ofmesium chloride increased, the gel became morgeune
Viscosity values obtained for all batches using d&feld viscometer at spindle no. 4 at 30 rpm. Mgcosity
directly depends on ionic content of formulations #he concentration of magnesium chloride increabed
viscosity of solution also increased. It could famore brittle gels than the monovalent cations.

Figure 3: Viscositiesin presence of monovalent, divalent and trivalent cations
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Figure2: FTIR spectra of gellan gum gel
Viscosities at concentrations of different electrolytes
2400000
2200000 7
2000000 7
1;1800000 7
21600000 7 == Viscosity(cps) of NaCl
‘;1400000 =
21200000 7 Viscosity(cps) of CaCl2
(7]
01000000 7
@ 800000 — Viscosity (cps) of MgCl2
= 600000 o
400000 7 7 N\, == \/iscosity ( cps) of AICI3
200000 S
O i 4|7 T T T T 1
0.5 1 1.5 2 2.5 3
concentration

The effect of monovalent and divalent cations Hamls different behavior on the gelling propertiégellan gum,
these studies further led to observe the effedtiwdlent cation on viscosity of gellan gum. Visitgsvalues were
obtained for all batches by using spindle no 5 @tr@m. The viscosity directly depends on ionic ewomtof
formulation. As the concentration of aluminium hlieride increased the viscosity of solution waoalxreased.
The heat was generated when aluminium trichlorigiected with gellan gum dispersions. Figure 3 shthas
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viscosity of gel prepared in presence of trivaleation is more than gels prepared in presence oforalent and
divalent cations. The gels prepared in presenagaagfnesium and calcium ions were having almost saseesity,
but viscosity of gel prepared in presence of motentassodium was fluctuating.

Effect of pH on viscosity of gellan gum

The viscosity values obtained for all batches usingpkfield viscometer (Spindle no.7 Speed 30 rgm}he acidic
environment the viscosity of the solutions was éased as the pH increased, but when it enterstiretneutral and
basic environment, the viscosity remains constiaigiufe 4). In presence of acidic pH, the hydrogéghtrbe acting
as gel activator; such gels are called as acid&[@6].
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Figure4: Viscosity at different pH

Effect of non- electrolyte (sucrose) on viscosity of gellan gum

The viscosity values were obtained for all batchsig Brookfield viscometer spindle T-D at 10 rpAs the
concentration of sucrose increased the viscosityoaition showed random results as shown in figurtt shows
that gellan gum is not dependent on non- eleceatgincentration for the gelling ability, but in peace of sucrose,
it forms an elastic gel. The gels prepared in preseof non- electrolytes found to be homogeneousddiately
after its preparation but in case of gels prepamguresence of electrolytes were not homogeneodsarded 24h
after preparation to become homogeneous.

From viscosity studies, it was observed that vidgas mainly affected in the order of ionic stréing pH> non-
electrolytes.

Viscosity
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O -
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Figure5: Viscosity (cps) in presence of different concentrations of sucrose

GEL MELTING TEMPERATURE

Gel melting temperature is the temperature at wigiehliquefies. This is one of the important phgsicemical
parameter to determine the possibility to be abéglén the semisolid form at the site of applicati@his is useful to
determine the drug release from gel matrices.dfgél melts at body temperature, it may drain cuitivmay result
in less contact time with mucosal membranes anthginy sustained delivery of the drugs will not besgible
resulting in less bioavailability.
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Effect of electrolytes on gel melting temperature
As the concentration of sodium chloride increatfes gel melting temperature also increases. Therehsons have
shown that the gel formed in the presence of sodibloride does not melt at body temperatures.

Calcium chloride shows the steady increase patt#snthe concentration of calcium chloride increasbs gel
melting temperature also increases. Observatiome Bhaown that the gel formed in presence of caloihioride
does not melt at body temperatures. As the coramimir of magnesium chloride increases, the gel ingelt
temperature also increases. The observations Henensthat the gel formed in presence of magnesihloride
does not melt at body temperatures.

As the concentration of aluminium trichloride inases, the gel melting temperature also increasks. T
observations have shown that the gel formed inegmes of aluminium trichloride does not melt at body
temperature. Strong gels are formed due to trivalations so the melting point is much higher.

Figure 6 shows that gel melting temperature of grepared in presence of trivalent cation is higtemn gels
prepared in presence of monovalent and divalemreatThe gels prepared in presence of magnesiuhtagium
ions were having almost same gel melting tempezatuit gel melting temperature of gel preparedrés@nce of
monovalent sodium was less in comparison to divaled trivalent cations. At concentration of 3%, gepared in
presence of aluminium has much higher gel meltemgperature (7€) than gels prepared in presence of rest of
cations.

Gel melting temperature at concentrations of
different electrolytes
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Figure 6: Gel melting temperaturein presence of monovalent, divalent and trivalent ions
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Figure 7: Gel melting temperaturein presence of different pH
Effect of pH on gel melting temper atur e of gellan gum

As the pH increases, the gel melting temperatwse aicreased upto pH 6 but in basic pH it was regtethd on
increase in pH. From the observations, it is sholmat the gel formed in presence of pH will not netbody
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temperatures. In acidic pH, from pH 2 to 6, gradnatease in gel melting temperature was obseri/glife 7)
however; such a correlation was not observed isgmee of basic pH [16].

Effect of sucrose on gel melting temperature

The gel melting temperature at different conceiunst of sucrose was obtained. As the concentratifrssicrose
increased, the gel melting temperature did noecefin sharp rise. But all the values of gel meltiemperature lies
within 45°-55°C (Figure 8). The observations have shown thaéhdormed in presence of sucrose does not melt at
body temperature. As, sucrose has no any free &ficjpating in gel formation process, so, theresw® any
significant relation between concentration of sserwith gel melting temperature.
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Figure 8: Gel melting temperaturein presence of different concentration of sucrose

From the above mentioned results of the gel metiémgperature, it has been shown that gel meltingpégature of
gel prepared in presence of trivalent cation isheigthan gels prepared in presence of monovalehtdaralent
cations. The variables affect gel melting tempegain the order as, ionic strength> pH > non- etdgtes.

SWELLING FACTOR

The swelling index or swelling factor is the volumeml taken up by the swelling of 1 g of polymerder specified
conditions. The porosity of polymeric specimena @ominant factor that controls their swelling bebea Increased
porosity leads to fast initial rates of weight ggaand high extent of equilibrium swelling. On tbther hand,
dissolution may result in some variations from #t®ve-mentioned behavior. With respect to the apptin, the
overall delivery rate from a polymeric specimemipected to be a function of swelling. It is neeggso study the
effect of increasing concentration of different pimjogical variables on swelling properties of galgum [17].

Effect of electrolytes on swelling factor

Swelling factor obtained from different concentat of sodium chloride was not found directly pndjomal to the
increasing concentrations of sodium chloride. Ityrh& due to electrostatic repulsion between carbgryups
present in gellan gum is shielded by increasingcenfration of cations and as a result, helix foromtand
aggregation of molecules get promoted. So sweftiatpr is increased. However in coil formation ofymmers, the
electrostatic shield leads to reduction of coil eireions, so there is decrease in swelling fac&jr [1

Calcium chloride shows the steady increase pattesmwelling factor. It may be due to gellan gumnfigrstrong gel
in presence of divalent cations, so it forms comsieuctural bonds with the water of hydration,tise swelling is
increased as the concentration of divalent catimsincreased. Swelling factor obtained from differe
concentrations of magnesium chloride was not diygabportional to the increasing concentrationsraEgnesium
chloride. Swelling factor obtained from differenbncentrations of aluminium trichloride was not diig
proportional to the increasing concentrations afrahium trichloride. It has shown that gel formedpresence of
small amount (0.5%) of aluminium trichloride had neaswelling ability than rest of the solutions whitend to
ooze water quickly.

Figure 9 shows that swelling factor of gel preparegresence of trivalent cations was less tharlingefactor of
gels prepared in presence of monovalent and divaiaions. The gels prepared in presence of magmeaind
calcium ions had not similar swelling factors, pbly due to formation of brittle gel by magnesiuans in
comparison with gel prepared in presence of caldims. The former may have less swelling abilitgrtHatter.
Moreover, swelling factor of gel prepared in preseof monovalent sodium ions was less in comparisativalent
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cations. At concentration of 3%, gel prepared iespnce of calcium has shown much higher swelliotpfethan
gel prepared in presence of rest of the cations.

Swelling factor at concentrations of different
electrolytes
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Figure 9: Swelling factor in presence of monovalent, divalent and trivalent cations

Effect of pH on swelling factor of gellan gum
Swelling factor obtained from different pH has sbbwn proportionality with the increasing pH. losrs that pH

has not significant effect on swelling factor. Simgj factor shows the steady increase in the a@digronment but
as it enters into the basic pH the graph didn'shay significant relation with increasing pH (FiguL0).
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Figure 11: Swelling factor in presence of different concentration of sucrose
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Effect of sucrose on swelling factor of gellan gum

Swelling factor obtained from different concenwas of sucrose does not found directly proporticimalthe
increasing concentrations of sucrose as shownguar€ill and Table 1. It shows that increasing aunations of
sucrose have not any significant effect on the liwgefactor.

Results obtained from the swelling factors showeat swelling factors were in the order of ionicesgth> pH>
non- electrolytes.
Table 1: Swelling factorsin presence of different concentrations of electrolytes

Conc. of electrolytes lonic Swelling Swelling Swelling Swelling
Sr. No. '% wiv strength (mg/mi) Factor +S.D. Factor +S.D. Factor +S.D. Factor +S.D.
of NaCl of CaCl of MgCl, of AlCl;
1. 0.5 5 38.5+0.20 62+0.11 63+0.13 55+0.1
2. 1 10 36.5+0.22 63.5+0.16 55.5+0.19 52+0.21
3. 15 15 38.5+0.20 67.5+0.14 47.5+0.04 47.5+0.24
4. 2 20 46x0.15 73.5+0.15 43+0.24 44+0.22
5. 25 25 30.5+0.13 77+0.21 45.5+0.18 44.5%0.13
6. 3 30 29.5+0.19 86+0.24 47.5+0.16 19.5+0.18

M ucoadhesive strength

Adhesion of bioadhesive drug delivery devices ® thucosal tissue offers the possibility of creatamgintimate
and prolonged contact at the site of administratidns prolonged residence time can result in eaddrabsorption
and in combination with a controlled release ofgdalso improved patient compliance by reducingfteguency of
administration [18].

Effect of electrolytes on mucoadhesive strength

The mucoadhesive force is important physicochempaabmeter for prolonging retention time, assessnoén
mucoadhesive strength in terms of detachment stleswed that gel formed with increasing conceraretiof
sodium chloride possess good adhesion propert@srsin Table 2. However, no relation between iostiength
and mucoadhesive strength was found. As the ianéngth contributed by calcium chloride increaghgre is
gradual increment in the mucoadhesive strengthf@eded with increasing concentrations of calciumodde.

Table 2: Mucoadhesive strength in presence different concentrations of electrolytes

Conc. of lonic Mucoadhesive Mucoadhesive strength Mucoadhesive  Mucoadhesive
Sr.no. electrolytes Strength strength (dyne/cnd) £S.D strength strength
T e wiv (mg/mi) (dyne/cnd) £S.D. of CaCh e (dyne/cnd) (dyne/cnd) £S.D.
0 9 of NaCl +S.D. of MgCh of AICI
1 0.5 5 1295+0.24 2487+0.31 2260+0.24 1487+0.26
2 1 10 1335+0.36 2651+0.29 2351+0.26 1651+0.22
3 15 15 3901+0.28 2980+0.18 2420+0.18 1280+0.29
4 2 20 1989+0.17 3035+0.16 1780+0.14 1327+0.18
5 25 25 1335+0.25 3100+0.14 2100+0.16 1490+0.17
6 3 30 1785+0.05 3478+0.02 2478+0.06 1652+0.21
Mucoadhesive strength
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Figure 12: Mucoadhesive strength in presence of different pH
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Effect of pH on mucoadhesive strength

It has been observed that detmed with increasing pH possess adhesion pragserfis the pH increases in the
acidic medium; the mucoadhesive strength increasasjn the basic pH, the mucoadhesive strengthedses
(Figure 12).

Effect of non-electrolyte on mucoadhesive strength

Although the concentration of sucrose increasestetlis no relation of it with the mucoadhesive rgjt The
mucoadhesive force is important physicochemicalapa&ter for prolonging retention time, assessment of
mucoadhesive strength of gel formed with increasiagcentrations of sucrose possess good adhesipernties
(Figure 13).

Mucoadhesive strength
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1000 strength
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Mucoadhesive strength

0.5 1 1.5 2 2.5 3

%w/v of sucrose

Figure 13: Mucoadhesive strength in presence of different concentrations of sucrose

Mucoadhesive strength is neither dependent on otrat®n of electrolytes nor on concentration ofnho
electrolytes. But, the order of variables affectingcoadhesive strength was pH> ionic strengthn- electrolytes.

CONCLUSION

In present work characteristics of deacetylatedagebum are measured in terms of viscosity, geltingel
temperature, swelling factor and mucoadhesive gthe(dependent variables). The effect of ionicrgjth, pH and
non- electrolyte (independent variables) is coteelawith dependent variables. The independent bi@saaffect
dependent variables in the order i) viscosity: idostrength> pH> non- electrolytes, ii) gel meltitgmperature:
ionic strength>pH> non- electrolytes iii) swellinfactor: ionic strength>pH> non- electrolytes and) iv
mucoadhesive strength: pH> ionic strength= nontedgtes. Thus, ionic strength is the variable vidhitominantly
affects viscosity, gel melting, swelling and muclesive strength. Therefore, it is advisable to wmseffect of
independent variables and concentrating more an &rength while developing formulation of in-sgel of gellan
gum and while predicting in-vivo performance andriimo in-vivo correlation. As gellan gum has widpplications
in the pharmaceutical industry, this study is hdljfi understanding the relation of physiologicatiables with in
situ gelling properties of gellan gum.
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